
\ 

00004288 
RFP-ENV-88 

ROCKY FLATS PLANT 
SITE ENVIRONMENTAL 000024388 

I 

aR-aP-604-70 REPORT FOR 1988 
JANUARY THROUGH DECEMBER 1988 

! 

Rockwell International 

PREPARED FOR THE U. S DEPARTMENT OF ENERGY 
UNDER CONTRACT DE-ACO4-76DPO3Q 

lewed fw Lrbgation by 



FRACTIONS AND MULTIPLES OF uNI?s 

CONVERSION TABLE 

Mu1 hpl y BY Equals 

in 2.54 an 

ft 0305 m 
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hq qt -u s 0.946 1 
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d/m 0 450 pcr 
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pCi/l (water) pG/ml (water) 
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Mulhply BY Equals 

an 0394 in 

m 3.28 ft. 

km 0 621 ml 

kg 2.205 Ib 
1 1057 I1q qt -u s 

m2 10 764 ft2 

km2 0.386 m2 
m3 3531 ft3 
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pCi/ml (water) 109 pCi/1 (water) 

pCi/cc (air) 1oI2 pcl/m3 (awl 
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Rocky Flats Plant Buffer Zone in the Spnng 
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ABSTRACT 
This report documents the 1988 environmental surveil- 

lance program at the Rocky Flats Plant The program 

is conducted by the Environmental Management Sec- 

tion of the Health, Safety and Environment (HS&E) 

Department under the operating contractor, Rockwell 

International, Aerospace Operations Group Sample 

analyses are performed by the Health, Safety and 

Environmental Laboratories (HS&E Labs) of HS&E 

and by the General Laboratotyof the Qualw Engineer- 

ing and Control Department The report includes an 
evaluation of plant compliance wdh all appropriate 

guides, environmental Iimds, and standards Potential 

radiation dose to the public was calculated from aver- 

age radionuclide concentrations measured at the plant 

property boundary and in surrounding communities 

The radioactive effluents from the Rocky Flats Plant 

meet the appropriate guides and standards and repre- 

sent no measurable adverse environmental effects 

from the operation of the plant durinQ calendar year 

1988 The estimated potential radiation doses to the 

public from plant effluents are below Department of 

Energy and Environmental Protectlon Agency dose 

limrts and are well below background dose levels expe- 

rienced in the reglon from natural and other non-Rocky 

Flats Plant sources 
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1 
INTRODUCTION 
Thc Rocky Flats Plant is a governmentawned and 

contractor-opcrated facility It is part of a nahonwide 

nuclear weapons research, development, and produc- 

tion complex administered by the Albuquerque Op 

erations Office of the U S Department of Energy 

(DOE) The prime operating contractor for the Rocky 

Flats Plant is the Aerospace Operahons Group of 

Rockwcll Intcmational 

The Rocky Flats Plant is located at 105 11'30" west 

longitudc and 39" 53'30" north lahtude in northern 

Jcffcrson County, Colorado The plantsite consists of 

2,650 hcctarcs (6,550 acres) of federally owned land 

As shown in Fiprc 1, mapr plant structures are lo- 
catcd withina sccunty-fenced areaof 155 hectares(384 

acrcs) Thc plant is approximately 26 kilometers (16 

milcs) northwcst of downtown Denver and is almost 

equidistant from the citics of Boulder, Golden, and 

Arvada (scc Figure 2) Demographic eshmates for 

1988 arc shown in Figure 3 There is a population of 

approximately 2 million people within a 50-mde ra- 

dius of thc plant 

Thc plant 1s a kcy DOE faality that produces compo- 

ncnts for nuclcar weapons, therefore, its product is 

dircctly rclatcd to nahonal defense The plant is in- 

volved in fabricating components from plutonium, 

uranium, bcryllium, and stainless steel Produchon 

activitics includc mctal fabncation and assembly, 

chcmical rccovery and punficahqn of process-pro- 

duccd transuranic radionuclides, and related quality 

control functions Research and engneenngprograms 

supporting thesc activities involve chemistry, physics, 

matenals technology, ecology, nuclear safcty, and 

mechanical engneenng 

The piedmont of the Front Range of the Rocky Moun- 

t a m  nses 8 lulometers (5 rmles) west of the site and 

crests at theconhnental Dwde, which 1s 32 kilometers 

(20 miles) from the plant The natural envlronmcnt of 

theplantsiteand vianityisinfluenccd pnmanlyby the 

Front Range of the Rocky Mountains and thc site 

elevahon, which is 1,829 mctcrs (6,000 feet) above sea 

level The surfiaal geology of Rocky Flats consists of 

a thin layer of gravelly, fine-textured topsoil underlain 

bya6- to lSmeter(20- to49-foot) thicklayerof coarser, 

clayey gravel This is underlam by a bedrock structure 

upon which plant building foundahons are supportcd 

Area hydrology is influenced by the surhcial matcn- 

als, which consist of gravclly but slowly pcrmcable 

alluvium Thevegctahonof thearca consistsof spccies 

representahve of the short- and mid-grass praine, 

pnmarily grasses, cach and broom snakeweed Intro- 

duced Eurasian weeds also make up part of the flora, 

and npanan vegetahon exists along the watcrcourscs 

TheclimateatRocky Flatsischaractenzed bydry,cool 

winters with some snow cover and warm summcrs 

There is considerable clear-sky sunshine, and both the 

average prmpitation and relattve humdity arc low 

Theelevation of the plantand the major topographical 

features of the area significantly influcnce thc climatc 

and meteorologcal dispersion charactenstics of the 

site Winds at Rocky Flats, although vanablc, arc 

predomnantly northwesterly, with stronger winds 

occumng during the wintcr 

i 

I 



2 I. Introduction 

FIGURE 1 Aenal Photograph of the Rocky Flats Plant and Immediate Vicinity 

The maximum annual precipitabon recorded over a 

24-year penod was 63 17 centimeters (24 87 inches) in 

1969 Typically, more than 80 percent of the precipita- 

tion falls as rain between Apnl and September Most 

of the remaining precipitation is in the form of snow 

Land use at the Rocky Flats Plant is managed by 

Rockwell International for the Department of Energy 

This includes land utilizahon planrung and envlron- 

mental and physical control of the land Since 1977, all 

major activities conducted on plantsite land require 

approval by the Rockwell Executive Land Use Com- 

mittee based upon the recommendations of the Land 

Use Coordinator The Coordinator evaluates all re- 

search projectsand other nonroutineactivihes on plant 

lands by means of a Land Use Request system The 

effects of such activities are evaluated by Environ- 

mental Management personnel through field obscrva- 

tions 

Approximately 140 structures on the plantsite contain 

approximately 256,400 square meters (2 76 million 

square feet) of floor space Of this space, m a p  manu- 

factunng, chemical processing, plutonium recovery, 

and waste treatment faalihes occupy about 148,600 

square meters (1 6 million square feet) 

The remaining floor space is divided among labora- 

tory,administrativc, uhlity, secunty, warehousc, stor- 

age, and construction contractor facilities, and occu- 
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pics about 107,800 

squnrc mctcrs (1 16 

million square fect) 

Thc primary plant 

hea t ins  require- 

I mcnts are met by in- 

plant stcam boilers 

that normally use 

natural gas but are 

capable also of using 

fucl oil In addition, 

small amounts of 

liquificd pctroleum 

gasandclcchatyare 

used for some hcat- 

ing at the plant 

During CY 1988, 

approximately 19 3 

million cubic meters 

I 

I RGURE 2 Area Map of Rocky Flats 
Plant and Surrounding Communihes 

(680 million cubic 

fcct) of natural gas were used No fuel oil was used 

dunng 1988 

Raw wa tcr is purchased from the Denver Water Board 

and is drawn from Ralston Reservolr and the South 

Boulder Diversion Canal The Rocky Flats Plant used 

approximately 507 million liters (134 rmllion gallons) 

of watcr dunng 1988 

I 

Certain opcrations at the Rocky Hats Plant involve or 

producc liquids, solids, and gases containing radioac- 

tivc matcnals Radioactive matenals are handled in 

accordance with stnngcnt procedures and wthin 

multiplc containments (physical barners) designed to 

minimizc thc relcase 

of contaminants to 

the workplace and 

the environment 

Processing achvihes 

include the incincra- 

hon of plutonium- 

contaminated mate 

nals for recovery of 
the plutonium that 

they contain This 

recovery opcra hon is 

conducted in accor- 

dance wth an incin- 

erahon pem t issued 

to the plant by the 

Colorado Depart- 

ment of Health 

Air from production 

and rescarch facili- 

hes is continuously discharged to the atmosphcre by 
50 ventilation exhaust systems Pnor to atmosphcnc 

discharge, the exhaust air passes through parhculate 

filtration systems located in filter plenums These 
filtration systems employ High Effiacncy Particulate 

Air (HEPA) filters that are purchased to equal or 
exceed the DOE speafied filtration effiaency standard 

of 99 97 percent for 0 3 micrometer parhcles Prior to 

installahon in the filter plenum, each filter is tested at 

the plant to ensure that the filtration efficiency is not 

less than the standard Once installed, filtersare tested 

for leaks which mght have developed dunng han- 

dling and installahon Any deficiencies are corrcctcd 

and the system retested Airborne effluents for all 
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NORTH WALNUT CREEK 
GREAT WESTERN 

RESERVOIR SANITARY WASTE i 

SOUTH 
WALNUT 
CREEK 

ROCKY FLATS 

cc INTERCEPTOR -- - - - - DITCH 
5 

-* 5 - ------_--- ----* 

STANDLEY LAKE 

FLOW - 
(not to scale) 

FIGURE 4 Holding Ponds and Liquid Efflucn t Wa tcrcourses 

plant processing buildings are conhnuously mom- 

torcd for radioachvc emissions Amborne radioactiv- 

ity rclcascd to thc environment from process opera- 

tions is kept to a minimum and is well w i t h  plant 

hcalth and snfcty guidclincs 

The radioactivc waste systems include collechon, hl- 
tration, liquid processing, and temporary storage fa- 

cilities for those process wastes known, or suspected, 

to havcbccn incontact withradioactivematenals The 

liquid waste proccss system concentrates the contam- 

nation from liquid waste into solid wastes suitable for 

shipmcnt,along withothercontaminatedsolid wastes, 

to a DOE-approved storage or disposal facility Spe- 
cific details of plant waste processing facilihes are 

descnbcd in thc Rocky Flats Plant Site Final Enwron- 

mental lmpact Statement (USSOa) 

Sanitarywasteisprocessedby thesanitarywastcwatcr 

treatment plant, and IS isolated from proccss waste 

throughout the plant Conditioning chcmicals are 

added to improve flocculation and filtration of sus- 

pcnded solids The treatment plant is of the activatcd 

sludge typc and has three stagcs of trcatmcnt It has a 
design capacity of 1 9 million liters (500,000 gallons) 

per day Present daily flows usually vary bctwccn 
757,000 and 1 1 million liters (200,000 and 300,000 

gallons) pcr day One of two 227,000-liter (60,OOO 

gallon) preacrahon holding tanks, located upstream 

from the sewage plant, scrves as a surge basin to 

smooth out peak flows A sccond holding tank pro- 

vides storage capacity for sanitary wastes should 

emergency rctenhon be rcquircd Liquid effluents 

from thesanitaty waste treatment plant are rclcascd to 

holding ponds for subscqucnt onsite irngation or off- 

t4 
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sitc dischargc to Walnut Crcck The plant has a zero 

discharge goal with rcspcct to downstream discharges 

Such discharges occur only when weather conditions 

prcvcnt effective spray imgahon achvihes as shpu- 

latcd by thc plant Envrronmcntal Protection Agency 

National Pollutant Discharge Elimnation System 
(NPDES) Pernut All surface water discharges are 

conductcd in accordance with the "DES permit. 

Rcsiduai solids from the sanitary waste treatment 

plant arc conccntratcd, dried, packaged, and shipped 

to a DOE-approved waste facility 

In 1988,solid wastes thathadnoradioactiveorhazard- 

ous chcmical constituents wcrc transferred to an on- 

sitc sanitary landfill for disposal This landfill was 

dcsigncd and constructcd in 1974 w t h  an impervious 

clay scal laycr, a ground water intercept system, and 

surfacc watcr divcrslon ditches to isolate the landfill 

from thc gcncral cnvironmcnt Routine waste maten- 

alsarcchcckcd daily for radioachvity at thelandfillsite 

bcforc final burial In addition, routine waste maten- 

als onginating from buildings in which radioachve 

ma tcrials arc handled arc monitored pnor to leawng 

thc building to ensure that they arc free from radio- 

active contaminahon The disposal of nonrouhne or 

spccial non-radioactive waste matenals is admmstra- 

tivcly controllcd 

Ground watcr and surfacc water flow in and around 

t hc san i t a ry 1 and f I 11 is control 1 cd by in tercep tor d i tches 

and by frcnch drains Thc ditchesdivert allupgradient 

surfacc watcrs around thc landfill The drains collect 
ground watcr from thc pcnmeter of the landfill and 

divert i t  around thc landfill A holding pond collects 

surfacc and subsurfacc drainage from the landhll 

Watcrsamplcs from this holding pond, thedrains, and 

from twenty-one (as of 1988) RCRAquality ground 

water monitonng wells in the wanity are collcctcd 

rouhnely and are analyzed for a senes of parameters 

including radioactivity 

As shown in Figure 4, surface water runoff from the 

plant generally is from west to east Runoff is carned 

from the plant by three major drainage basins that are 

tnbutaries to WalnutCrcckon thenorthand towoman 

Creek on the south The south fork of Walnut Creek 

receives most of the stormwater runoff from areas 

surrounding plant buildings 

Also shown in Figures 1 and 4 is the confluence of the 

north and south forks of Walnut Creek which is 1 1 

hlometers (0 7 mles) west of the eastern penmeter of 

the plant Great Western Reservoir, a water supply for 

a part of the City of Broomfield, IS 1 6 kilometcrs (1 

mile) east of this confluence Woman Creek flows east 

from Rocky Flats into Standley Lake, a water supply 

for the Gty of Westminster and for porhons of the 

cihesof Northglennand Thomton Pondson thenorth 

fork of Walnut Creek are designated A-1 through A4 
Ponds on the south fork are designated E1 through B- 
5 These A- and B-senes ponds receive precipitation 

runoff and/or treated sanitary wastewater Pond C-1 

is located on the Woman Creek watercourse and re- 

ceives only undisturbed natural flows Pond C-2, 

located near thc Woman Creek watercourse, receives 

surface runoff water from an interceptor ditch parallel 

to the south sidc of thc plant production areas 

Personnel in the Environmental Management Group 

of Rockwell International conduct an extensive cnvi- 
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ronmcntal control and surveillance program at the 

plant Engrnccring rcvicws of proposed plant projects 

arc performed to ensure that appropnate safeguards 

are takcn for cnvironmcntal protection The enwron- 

mental survcillancc program is designed to providc 

awmiicc that thcsc safeguards effectively limit the 

rcleasc of radioactive or toxic matenals 

I 

I 

The Rocky Flats Plant environment is monitored for 

ycnctrating i<,nizingradiationand for pertinent radio- 

active, chcmical, and biological pollutants Air, water, 

and soil arc sampled on the plantsite and throughout 

thc surrounding regon Several Federal, State, and 

local governmental agencies independently conduct 

audits and additional enwronmental surveysboth on 

and off the plantsite The Colorado Department of 

1 Icnlth snmplcs air, soil,  and water at the Rocky Flats 

wtc and in surroundingcommunihes The DOE Envi- 

ronmcntal Mcasurcmcnts Laboratory (EML) histon- 

cdly has conducted parhculate air sampling at the 

Rocky Flats Plant and has penodically performed 

special studies, including sediment and soil analyses 

Additional spcclal analyses have been performed by 

Rcgion VllI of the U S Envlronmental Protection 

Agency (EPA) TheCity of Broomfield monitors water 

quality in Walnut Creek and Great WesternReservoir, 

and in Novcmbcr, 1988, thc City of Westminster mih- 

atcd a monitonng program for Standley Lake Data 

from thc Rocky Flats Plant, the Colorado Department 

of I-lcalth, and thc cities of Broomfield and Westmin- 

stcr arc rcportcd monthly at an Envlronmental Moni- 

toring Information Exchange Meehng that is open to 

the public Also identified at this meehng are the 

radioactivc matcnals used or handled at the plant and 

plant cnginccring projects which may have an envi- 

I 

I 

ronmental interest This monthly cnvironmcntal in- 

formahon exchange meeting has bcen ongoing since 

the early 1970's 

The information contained in this report is submitted 

in compliancc with DOE Orders 5484 1 Chapters 111 

and IV, and 5400 1 Chapter 11, and is a compilation of 

data provided monthly to the DOE Rocky Flats Arca 

Office, the Radiation Control Division of the Colorado 

Department of Health, EPA Regon VIII, the health 

departmentsof Boulder and Jefferson Counties, and to 

interested city officialsand atizens from communities 

near the plant 
1 1  
I 
I 
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SITE METEOROLOGY 
AND CLIMATOLOGY 

Meteorologicnl data wcrc collected on the plantsitc 

from instrurncntation installed on a 61-meter (200- 

foot) towcr located in the west buffer zone dunng 

1988 Metcorolog~cal information in this reportrepre- 

sents 75 percent data recovery from this 

instrurncntation Table 1 is the 1988 annual summary 

of thc pcrccnt frequency of wnd directions (16 com- 

pass points) divided into four wnd speed categones 

Thc compass point designations indicate the true 

bcanng whcn facing against the wind These fre- 

quency valucsarc rcprcscnted graphicallyinFigure5 

The wind rosc vcctorsalsorepresent thebeanngagainst 

thcccntcr) Thcprcdominanccof northwcstcrly wnds 

IS typical of Rocky Flats The low frequency of winds 

greater than 7 meters per second (156 mph) with 

easterly components is normal 

The mean temperature recorded for 1988 was 8 6 OC 
(475 OF) In 1988, the Rocky Flats Plant recorded 32 18 

cenhmeters (12 67 inches) of preapitation 

Based on 24-year monthly watcr-equivalent prccipita- 

tion averages collected between 1953 and 1976, the 

mean annual prcclpi tation at Rocky Flats is 38 50 centi- 

the wmd (I c , wmd along each vcctor blows toward mcters (15 16 ir~hes) 

1 

TABLE 1 Wind Direction Frequency (Percent), by 
Four Wind-Speed Classes, at the Rocky Flats Plant 

(Fifteen-Minute Averages - 1988) 

Wind 
Directioq 

N 
NNE 
NE 

ENE 
E 

ESE 
SE 

SSE 
S 

ssw 
sw 

wsw 
W 

WNW 
NW 

NNW 

TOTAL 

Galm 
9 25 

1-3 
lmlsl 
1 25 
1 94 
1 80 
2 09 
3 07 
3 46 
3 55 
2 92 
3 44 
3 37 
2 97 
3 06 
3 39 
3 03 
3 13 
1 77 

3-7 
u 
1 57 
110 
0 47 
0 13 
0 61 
181 
2 37 
2 46 
2 79 
2 35 
3 98 
3 06 
2 87 
4 42 
3 44 
2 32 

7-1 5 
u 
0 55 
0 13 
0 00 
0 01 
0 01 
0 07 
0 21 
0 27 
0 34 
0 30 
0 49 
0 71 
2 96 
2 79 
0 59 
0 45 

>15 
w 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 04 
0 72 
0 12 
0 00 
0 00 

9 25 44 24 35 75 9 88 0 88 

TOTAL 
9 25 
3 37 
3 17 
2 27 
2 23 
3 69 
5 34 
6 13 
5 65 
6 57 
6 02 
7 44 
6 87 
9 94 
10 36 
7 16 
4 54 

100 00 

I 
i 

I 
I , -1 



10 2. Site Meteorology and Climatology 

FIGURE 5 1988 Annual Wind Row for the Rocky Flats Plant 

N 

S 

I 
>15 7-15 3-7 1-3 

(m/s) 

i '  



\ 

2. Site Meteorology and Climatology 11 

FIGURE 6 Locabon of Rocky Flats Plant 61 Meter Meteorologcal Tower 



PERMITTING ACTIVITIES 

Scveral cnwonmcntal pcrrmts havc bcen issued to 

thcplantbyFcdcra1 andstatcagcncies Currently, the 

following pcrmits arc in "Achve" status 

National Poilu tant Discharge Elimination System 

Pcrmit CO-oO1333,issucd by the U S Envlronmental 

Protcction Agency, Dccembcr 26,1984 

Building 122 lncincrator Permit C-12,931, issued by 

thc Colorado Dcpartmcnt of Health, March 25,1982 

Building 771 lncincrator Pcrmit 12jE932 (C-12,932), 

issucd by thcColoradoDcpartmcntof Health,August 

28,1985 

Building 776 Fluid Bed Inancrator Permit C-13,022, 

issucd by thc Colorado Dcpartmcnt of Hcalth, March 

25,1982 

Fugihvc Dust Emission Permit 87JE052L for offsite 

soil rcmcdial achon program, issued by the Colorado 

Dcpartmcnt of Hcalth on Junc 15,1988 

On July 31,1986, a Compliance Ascement was en- 

tcrcd into by thc Enwonmental Protection Agency 

(EPA), thc Colorado Dcpartmcnt of Hcalth (CDH), 

and thc DcpartmcntofEncrgy(D0E)forimplcmcnta- 
tion and rcgulation of thc RcsourccConsewation and 

Rccovcry Act (RCRA) and the Comprchensivc Envi- 

ronmental Responsc, Compensation and Liability Act 

(CERCLA) activities for the Rocky Flats Plant On 

November 26,1986, the Rocky Flats Plant subrmttcd a 

RCRAPart BPermt Applicahon to EPA and CDH Thc 

RCRA Part B Permit Applicahon was rcviscd in accor- 

dance with comments received from EPA and CDH 

and re-submitted on Deccmbcr 15,1987 A Noticc of 

Completeness for the Part B Application was rcccivcd 

in August, 1988 A separatc Part B Permit Application 

was submittcd for transuranic mxcd waste in Junc, 

1988 The submittal of draft Remedial Invcstigation 

rcportson July1 and Dccembcr31,1987,also tookplacc 

in accordance with the Compliancc Agrccmcnt A 

revised Remedial Invcstigation Report with a Fcasibil- 

ity Study on the881 Hillside wassubmittcd toEPAand 

CDH on March 1,1988 The remedial achon for the 881 

Hillside is cxpectcd to bcgm in 1989 

In 1988, no environmental assessments or cnwron- 
men tal impact statcmcn ts wcrc pub1 i shcd for thc Rocky 

Flats Plant under the Nahonal Environmcntal Policy 

Act (NEPA) 

A survey for archaeolopcal and histonc rcsourccs was 

completed dunng the summer of 1988 Thc survcy was 

conducted as required by thc National Histonc Prcxr- 

vation Act in accordance with establishcd proccdurcs 

of the Statc of Colorado Office of Archaeology and 

Histonc Prcscrvahon (OAHP) Tcn sitcs of archcologi- 
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cal interest were discovered and these known sites 

were revlsited The OAHP has deterxruned that no 

sites are ehgbIe for nomnahon to the Nahonal Regs- 

ter of Histonc Places Two sltes remved condihons in 
I the OAHP findings correspondence letter requinng 

further mvesbgabon if they are ever to be disturbed 

Both stes are remote from the developed porhon of 
the faality and wll be protected 

Stone Structure used as Barn on Woman Creek 

Apple Orchard near 19th Century General Store 



MONITORING SUMMARY 

During 1988, thcRocky Flatsl‘lant conducted anenvl- 

ronmcntal monitonng program that included the 

sampling and analysis of airborne effluents, ambient 

air, surfacc and ground water, and soil External 

pcnctra ting gamma radiation cxposures were also 

measured using thcrmolumincsccnt dosimeters The 

moni toring program consists of collccting samplcs 

from onsi tc, boundary, and offsitc locahons Monitor- 

ing of watcr for tracc quantitics of chcmicals, metals, 

nitratcs, anions, volatilc organic compounds (VOCs), 
and spccific radionuclidcs also was pcrformcd 

Plutonium concentrations in this report represent the 

alpha radioactivity from plutonium isotopes -239 and 

-240, which constitute over 97 pcrcent of the alpha 

radioactiwty in plutonium handled at the plant 

Reported uranium concentrations are the cumulative 

alpha actiwty from uranium-233, -234, and -238 

Componcn tscon taining cnnchcd uranium are handled 

at the Rocky Flats Plant Dcplctcd uranium mctal is 

fabncated and also is handled as process waste mate- 
rial Uranium-235 is the mapr isotopc by weight (93 

pcrccnt) in cnnchcd uranium, however, uranium-234 

accounts for approximatcly 97 pcrcent of the alpha 

activity of fully cnnched uranium In depleted ura- 

nium, the combined alpha activity from uranium-234 

and -238 accounts for approximately 99 percent of the 

total alpha activity 

Particulate and tnhum sampling of building cxhaust 

systcms was conductcd continuously in 1988 Thc 

particulatc samplcs wcrc analyzcd for specific radio- 

nuclides of intcrcst and for bcryllium Ovcrall, 1988 

emission data were in the rangcs proptcd i n  thc Plant 

Envlronmcntal Impact Sta tcmcnt (US80a) and rcprc- 

scnt a negligblc cnwronmcntal impact 

Particulate samples are collected by ambient air sam- 

plers operatcd continuously onsite near thc plant 

building areas, at the plant penmctcr, and i n  fourtccn 

community locations Analysis of thcsc samples indi- 

cated that the concentrations of airborne plutonium at 

all locahons were far below applicable Denvcd Con- 

centrahon Guides (DCGs) (Sce Appcndix A for a 

discussion of thc calculation of DCGs ) At thc plant 

pcnmcter and at the community locations, thc 1988 

average plutonium conccntrahons in ambient air at 

each locahon were 0 0 5  percent or lcss of thc DOE 

DCGs 

Dunng 1988 monitonng of ambient air for non-radio- 

logical total suspended particulates {TSP) and 

respirable parhculates (PM-IO), ozonc (03), sulfur 

dioxide (SO,), carbon monoxidc (CO), nitrogen diox- 

, 

l l  
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lei1 (NO,), ,itid Ic~IJ (1%) W ~ S  CoiiduCtd Thew SIX 

pir,imc"tc-rs Iirc' critcria pollutaiits rcgulatcd on a re- 

po i id  h i s i s  by the EPA and the State of Colorado 

through the Clcan Air Act of 1970 that includes the 

National Aiiibiciit Air Quality Standards (NAAQS) 

(USRlb) The 1988 calculated annual geometric mean 

for TSP was 53 percent of the former pnmary annual 

gcomctric mran standard prcscnbed by the NAAQs 

Rcy-vrablc particulatcs mcasurcd by the new PM-IO 

nic*thodology indicated values that wcrc 31 percent of 

the annual arithmctic mcan pnmary standard of 50 

iiig/m' The highest onc-hour conccntration of O3 in 

1988 WAS 75 pcrccnt of the EPA primary one-hour 

sl,iiidmi This value was consistent with trend levels 

rcportcd in the Dcnvcr Mctroplitan arca at that time 

(('OHh) I hc ICW3 miiiial an thnictic mcan for SO2 was 

t c v  pcrcciit of thc El'A primary annual anthmchc 

i i ic'aii standard Thc highcst recorded one-hour SO2 

rcvding was 0 021 ppm The maximum one-hour 

cnncciitr,ilion recorded for COwas5 OOppm Thiswas 

14 pcrccnt of thcpnmaryonc-hourNAAQSof35ppm 
1 Iic a nnii a 1 a ri L hmc tic nica n of the NO2 concen tra hons 

for  1988 was tcii pcrccnt of the EPA pnmary annual 

mthnic-tic nicIiii standard The quarterly Pb conccn- 

tr,ilioiis mcasurcd dunng 1988 wcrc less than two 

pcrccnt of the EPA quarterly standard Since a suffi- 

cicnt, multi-ycar basclirie database for Cntena Pollut- 

ants has now bccn dcvclopcd for the plant, this non- 

raciioactivc ambicnt air monitonng program is being 

ciirontiiiucd c%ffcctivc with this rcport 

I 

I 

M',itcr used during 1988 for plant proccss opcrabons 

wa 'r cc a pcm tcd and t hc condcnsa tc reused for cooling 

ton cr mahcup or stcam plant use Sanitary water was 

k13tcJ anel spray irrigated within plant boundaricsor 

d ischa rgcd offsi tc a f tcr mom ton ng, in com pl ia iicc w i t h 

thcRocky Fla ts Plan t Environmcntal Protcction Agency 

(EPA) National Pollutant Discharge Elimination Sys- 

tem (NPDES) Permit (US84a) Surfacc runoff from 

preclpitationiscollectcd insurface water control ponds 

After monitoring, this water isdischarged offsite Those 

discharges are monitored for compliance with the EPA 

"DES permit Dunng 1988, NPDES BOD, limits 

were exceeded dunng February, March, April and 

May and fecal coliform limits were excecded in Aynl 

A discussion of these violahons appears in Section 5 

Rouhnc water monitonng is conducted for two down- 

stream reservoirs and for dnnking watcr sourccs in 

nine communi tics The average radioactivity conccn- 

trahons for plutonium, uranium, amcncium, and tnt- 

ium measured at thcse locahons werc found to be 0 4 

pcrccnt or less of the DCGs for watcr Thc sum of thc 

average concentrations for plutonium and amcncium 

in dnnking water samples for each community was 0 3 

percent or less of the State of Colorado regulahoiis for 

alpha-cmitting radionuclides (COS1 and the EPA Na- 
tional Interim - Primary Drinking Water 

Regulations (US76a) Average concentrations of trit- 

ium in community dnnking water samples wcrc all 

within local background range and were less than one 

percent of the applicable State of Colorado and EPA 

drinking water standards (CO81,US76a) 

A vegetahon control program using chemical hcrbi- 

cides was conducted during 1988 The program was 

completed by independent licensed contractors using 

EPA and the State of Colorado approvcd chemicals 

according to the label rcquiremcnts and DOE Ordcrs 

Onsite storageof pcsticidcsand hcrbicidcsat the Rocky 

I 

1 1  

I 
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Flats Plant currcntly is being disconhnued All pesti- 

cidcs uscd in or ncar surface watcrs are approved by 

EPA for such use 

Surfacc soil samples for plutonium analysis were col- 

lcctcd in 1988 from 40 sites located on radii from the 

Rocky Flats Plant at distances of 1 6 and 3 2 lulometers 

(1 and 2 miles) The purpose of the program was to 

dctcnnine if there are any changes in plutomum con- 

ccntrations in the soil around the plant over time This 

program was conducted intermittently unhl1977and 

rcinitiatcd during 1984 The 1988 plutonium concen- 

I trations in the 3 2 kilometcr samples, which are near 

thcplantboundary, werein therange from0 02 to7 12 

pCi/g (0 74 to 263 Bq/kg) Plutoniumconcentrahons 

for 1988 at a 1 6 kilometer radius ranged from 0 02 to 

10 6pCi/g(O 74 to391 Bq/kg) Theselevelsaresimilar 

to the soil data reported in 1977 and 1987 

Thc 1988 environrncntal mcasurcment of external 

pcnctrating gamma radiahon, using thcrmolumines- 

ccnt dosimctcrs (TLDs), showed that the annual dose 

cquivalcnt from pcnctrahng radiahon onsitc, at the 

plant pcrimctcr, and at community locahons, was 

within thc rangc of rcgonal background 

As part of thc Rocky Flats RCRA/CERCLA Compli- 

ance Agrccmcnt s ipcd  July31,7986,extensive hydro- 

logic, gcologic, and ground water quality inveshga- 

tions continucd through 1988 Initial invcstigahons 

indicatc abovc background concentrations of some 

radioachvcand chcmically hazardous ma tcnals wi thin 

closc proximity to past plant disposal sitcs and plant 

opcrations areas Thcse matcnals includc volatilc 

organic compounds (1 e ,  chlonnatcd hydrocarbon 

solvents) and some radionuclides 

Remedial Inveshgation activihcs, an outgrowth of the 

Compliance Agreement, required thc completion of 46 

addihonal momtonng wells dunng 1987 No addi- 

tional wells were constructed dunng 1988, but a 

number are planncd for 1989 construction Thcsc ncw 

wells will assist in the dclineahon of radioactive or 

hazardous chemical constituents in dcsigna tcd high 

pnority invcstigation arcas, and thcy bccomc part of 

an extensive plantwidc ground watcr monitoring 

system Correchve achon measures for arcas rcquir- 

ing such measures are now under evaluation Moni- 

toring wells also were installed near prewously-used 

solar evaporation ponds and the present landfill as 

part of the RCRA Closure Permit A total of 159 onsite 

ground water monitonng wclls arc now monitorcd 

quarterly 

I /  

i 

Potenhal public radiation dose commi tmcnts, which 

could have resulted from plant operations, wcrc calcu- 

lated from avcragc radionuclideconccntrationsmcas- 

ured at the Rocky Flats Plant propcrty boundancs and 

in surrounding communities Dosc asscssmcnt for 

1988 was conductcd for the property (sitc) boundary, 

ncarbycommunihcs, and toa distanccof 80 kilomctcrs 
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(50 mile4 At thc plant boundary, thc maximum 50- 

yc,irdc,~cconiniitmcnt toan individual wascalculatcd 

to bc 7 5  X 10‘ rcm (75  X lo4 Sv) cffechve dose 

cquivalcnt and 1 2 X rcm (1 2 X lo4 Sv) to bone 

surfaccs By companson, annual effechvedose equiva- 

lent from the natural radiation in the Denver area 

currcntly is cshmatcd as about 3 5 X 1U’ rem (35 X 
10‘’ Sv) (NA87) The 50-year dose commitment of 7 5 

X rcm rcprcscnts lcss than 1 percent of the DOE 
iiitcnm radiation protcction standard of 0 1 remeffec- 

tivc dosc cquivalcnt for all pathways If all the dose 

wcrc rcccivcd from thc air pathway, the bone surfaces 

dow of 1 2 X rcm would rcprcsent 16 percent of 

the air pathway standard for any organ (VA85) 

I hc maximum radiation dosc for community loca- 

tions was calculatcd as a 50-ycar dosc commitmcnt of 

2 9 X 10 rcm (2 9 X lO-’Sv) cffcctive dose cquivalent 

and S 2 X 104 rcm (5 2 X Sv) to bone surfaces 

Thcw valucs rcprcsen t 0 03 perccnt of the DOE intenm 

standard forcffcctivcdoscequivalcnt and 0 69perccnt 

of thc standard for any organ from thc air pathway 

only (VA85) Thcsc valucs includc contribuhons from 

rcwdual fallout causcd by past global atmosphcnc 

weapons testing 

I 

1 hc50-ycarcommittcd cffcchvcdosecquivalent to the 

population living within 80kilomcters (50miles) of the 

plaiit was bawd on the maxlmum community dose 

e4tiniiltcs For thccommunity, thcmaximumcffectivc 

Jow cquivalcnt was lcss than the 1 X rem dose 

cquivalcnt spccificd by DOE as de minims (inconse 

qiicntial) (US8Ob) Thc d o x  cornmitmcnt for all 

individuals to a distance of 80 kilometers was, there- 

fore, coiisidcrcd to bc de minims 

In dcmonstration of compliancc wth thc EPA Clean 

Air Actaircmissionsstandard in40CFR 61,Suhprt H, 

the AIRDOSEPA computcr codc was uscd to calcu- 

late radiahon dose to the public by atrnosphcric dis- 

persion, deposihon, and ecologcal modeling of 1988 

air emissions data (USS5, VAS) The results of this 

calculahon independently confirm that the maximum 

radiahon dose to a member of the public as a rcsult of 

exposure to airborne radioachvity from thc Rocky 
Flats Plant in 1988 was less than 1 mrem cffcchvcdosc 

qu i  valcn t 

i l  



5 
MONITORING DATA 

This scction dcscribcs Rockwcll Intcmational's cnvi- 

ronmcntal monitonng program for 1988, results of 

samplc analyscs, and cvaluation of the data with 

rcgard toapplicablcpidesand standards Thereader 

is dircctcd to the appendixes at the end of this report 

for dctailcd informationconccrningapplicablcguides 

and standards,quality contro1,analytical proccdures, 

dctcction limits, error term propagation, and report- 

ing of minimum dctcctable conccntrahons Appen- curred dunng 1988 
dix E includes a discussion of thc mcthodology uscd 

for reporting mcasurcmcnts that wcrcat or bclow the 

minimum dctcctablc conccntrations (MIX) This 

appcndix also discusscs the usc of thc less-than sign 

(<)and defines thcuscofp1usorminus~)crrortcrms 

in thc data 

arcas containing plutonium arc cquippcd with Sclcc- 
tive Alpha Air Monitors (SAAMs) for immcdiatcdctcc- 

tion of abnormal conditions These SAAMs arc scnsi- 

tive to specific alpha particle energcs and arc sct to 

detcct plutonium-239 and -240 Thcse dctcctors arc 

tcstcd and calibrated routincly to maintain scnsitivity 

The monitors alarm automatically if out-of-tolcrancc 

conditions are expcnenced No such condition oc- 

At regular intcrvalscach wcck, continuously collcctcd 

particulatc samplcs arc rcmovcd from cach cxhaust 

systcm and radiomctrically analyzcd for long-livcd 

alpha radiahoncmittcrs BcgnninginScptcmbcr 1988, 

the collechon schedule for these samples was changed 

from three timcs a wcck to twice a weck The conccn- 

trahon of long-lived alpha emitters is indicative of the 

effluent quality and the overall pcrformance of the 

HEPA filtration systems If the total long-livcd alpha 

concentration for an effluent sample cxcccds thc plant 

In 1988produchonandr~archfaalihcsattheRocky guide Of 020 lo-'* pci/ml (7 

FlatsPlant wcrccquippcd with50vcntilationexhaust 

systcms Particulatcs gcncratcd by production and the and to evaluate need for corrcc- 
rcscarch achvitics arc cntraincd in the exhaust air action The action guide Is q u a l  to the offsitc 

streams ncsc particulatc matcnals are removed Derived Concentration Guide ( K G )  for pluton~um 

from the air stream in each exhaust system by means act'vity 

of High Efficicncy Particulate Air (HEPA) filters 

Rcsidual particulates in cdch of these systems are 

conhnuously sampled downstream from the final At the end Of each month, SamplCS for each exhaust 

stagcof HEPA filtcrs Ventilationsystems that service comF'Osited Into san'plcs which 

q/m3), a fol'Ow-uP lnvcshgation Is conducted 

In air No excccdanccs Of 

action guide Occurred 

! 

i 
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iii\cicrpi Spccificchcmical analysis An aliquot of each 

of Lhc dissolved composite-samples is analyzed for 

beryllium particulatcs using a flamelcss atomic ab- 

sorption spectrometry tcchniquc (BO681 Thcremain- 

cic-r of thc dissolved siample is subjected to chcmical 

separation and alpha spectral analysis that quantifies 

spcific alpha-emi tting radionuclidcs Analyscs for 

uranium isotopes are conducted for each composite 

sm~plc In 1988, forty-two of the vcntilation cxhaust 

systcms wcrc locatcd in buildings containing pluto- 

imm Farhculatc samplcs from theseexhaust systems 

also were analyzed for spccific isotopes of plutonium 

and a mcncium Typically ameriaum contributes only 

n small fraction of the total alpha achvity airborne 

r c h s c  for the Plant, and amcncium-spccific airborne 

c'fflucnt data havc not bccn rcportcd in prevlous an- 

n i i d  sitereports Reginningwith thisrcportforCY1988, 

anwncium-specific airborne effluent mcasurcments 

arc included in the reported data 

I 

Several cxhaust systcms servicc processcs havlng a 

potcntial for traccquanhtics of tnhumcontamination 

I f rom January through August, 1988, continuous 

wmpling for tritium was conducted in 23 venhlahon 

cxhaust systcms In Scptembcr, 1988, the tnhum air- 

borne effluent monitoring program was modified to 

dclctc thosc monitonng locations which were iden ti- 

ticd asiio longcr havinga potential tocontnbute to the 

tohl tritium release Bubbler-type samplers are used 

to continuously collect samples which are exchanged 

thrcu. times each wcck from the monitored locations 

Tntlum concentrations in the samples are mcasurcd 

using a liquid scintillation photospectrometer 

Tablcs 2 and 3 present the qunntitativc data for radio- 

isotopes in airbornc effluents during 1988 Tritium 

valucs include small contributions from background 

(I e , non-plant) sourccs of tnhum 

During 1988, the total quantity of plutonium and 

amcncium discharged to the atmosphere from thc 

plutonium exhaust systems wcrc 15 33 pCi (5 67 X 10' 

Bq) and 2 02 pCi (7 47 X lo4 Bq), respectively 

The maximum plutonium and amcricium air conccn- 

trations were mcasured from a waste treatment facil- 

ity dunng June, when a conccntration of 0 023 X 10 l2  

pCi/ml(8 52 X 10"' Eq/m3) was mcasured for pluto- 

niumand a conccntration of 0 008 X pCi/ml(2 96 

X l o4  Bq/m ) was measured for amcncium Thc 

quantity of plutonium in this discharge was 0 318 pCi 

(1 18X104Bq)and thcquantityofamenaum was0 105 

pCi (3 89 X Id Bq) Samplcs collected pnor to and 

followng this twoday -$nod wcrc within the range 

typically measured from this cxhaust system In Scp 

tembcr 1988, operahons in the plant's primary Pluto- 

nium recovery processing facility werc suspcndcd in 

order to accomplish upgrades to safety systcmsand to 

pcrform a general cleanup of the facility A phased-in 

restart of the facility bcgan in January, 1989 The 

decrease in plutonium and americium relcasc activi- 

ties reported for Scptcmber through Deccmbcr, 1988 

reflect the suspension of activihes in this building 

3 

The total discharge of uranium from all the cxhaust 

systems was 11 93 p G  (4 41 X lo5 Bq) The maximum 

uranium concentration of0 009 x pci/ml(3 33 x 
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TABLE 2 Plutonium and Amcricium in Airbornc Efflucnts 

Month 

January 
February 
March 
April 
May 
J u n c  
July 
Auguzt 
Scptcmbcr 
Octobcr 
Novcmbcr 
Dcccmbcr 

Summary 

Numbcr Total 
of Bscharge 

Analyses QCi) 

45 110 
47 2 32 
47 2 73 
47 118 
47 184 
47 101 
47 1 79 
47 175 
47 0 40 
47 0 66 
47 025 
47 0 30 

562 15 33 

0 004 +O OOSd 
0 013 +O 014 
0 010 2 0  024 
0005+0007 
0 015 +O 017 
0 023 +O 052 
0 012 +O 013 
0 010 + o  010 
0010+0011 
0 007 +O 008 
0 003 +O 003 
0 001 2 0  001 

0 023 +O 052 

b Amencium 

Numbcr Total 
of Dscharge 

Analyses (pC1) 

45 0 17 
47 0 24 
47 0 29 
47 0 11 
47 0 26 
47 0 24 
47 0 23 
47 0 25 
47 0 05 
47 0 09 
47 0 04 
47 0 05 

562 2 02 

a Kadiochcmically detcrmincd as plutonium-239, -240 
b Kadiochcmically dctcrmincd as ameriaum -241 
c Cmax is thc maxlmum measured concentration 
d Calculatcd as 1 96 standard dewations on an individual measurement 

0 001 2 0  mold 
0 005 +O oOO6 
0 001 +o 0002 
0 001 +O 0006 
0001+0OOo6 
0008+0 0011 
0 001 +o 0002 
0004tOOOM 
0 001 +o  0002 
0 001 2 0  0002 
0 001 +o  0002 
0 000 +o 0000 

0008+00011 

10"Bq/m3) was measured from a depleted uranium 

production facility in February The quantity of de- 

picted uranium from thisdischarge was0 344pCi (1 27 

X lo4 Bq) 

Thc tritium discharged from the plant vcnhlation 

sjstcms was 0 015 Ci (5 55 x lo8 Bq) The maxlmum 

tntium conccntrationof417~ 10-'*p~i/m1(1 M X  IO' 

Bq/rn3) was observed in a sample from a routiiic 

operation in a plutonium production building during 

February The quantity of trihum rclcascd to the 

atmosphere as a result of this operation was 432 pCi 

(1 60 X lo7 Bq) 

Ovcrall, the radionuclidc rclcascs to thc ahnnsphcrc 

during1988 wcrenotsignificantlydiffcrcnt from tliosc 

3 3  
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Month 

January 
February 
March 
Apnl 

June 

August 
September 
October 
November 
December 

Summary 

- 

May 

July 

TABLE 3 Uranium and Tntium in Airborne Effluents 

Number Total Number Total 
of Dscharge c c  

of bscharge max 
Analyses (CLCi) O( pCi/ml) Analyses CCO 

53 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 

2.23 
200 
1 49 
1 33 
0 82 
0 87 
0.59 
0 72 
0 26 
058 
0 39 
0 65 

0 0 0 5 ~ 0 0 0 0 s d  

0004+00024 
0006+00007 
0 004 +O 0004 
0004+00004 
0004+00004 
0 004 +O 0004 
0002+00003 
0003+00004 

0009+0OOO9 

0001+0oO01 
0 001 +o 0002 

261 -0 001 
260 0006 
275 -0 003 
262 0006 
278 -0 002 
275 0 002 
240 0 004 
21 1 0 001 
41 OOOO 
65 OOOO 
65 0 001 
70 0 001 

658 11 93 0009+oOoO9 2303 0 015 

a Radiochemically determined as uranium -233, -234, and -238 
b Tnhum is hydrogen-3 
c 'ma, is the maximum measured concentration 
d Calculated as 1 96 standard dewations on an indiwdual measurement 

c c  
max 

(~10"~ uci/ml) 

188 + lood 
417 + 250 
135 + 100 
2!X+180 
243 + 150 
194 + 120 
loo + 120 
194 + 100 
139 + 120 
97 + 155 
83 + 165 
104 + 120 

417 + 250 

Collecting Effluent Air 
Pamculate Samples 

D r a t  Alpha Activity Check Pnor 
to Effluent An Sample Collection 
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TABLE 4 

Month 

January 
February 
March 
April 

Junc 

August 
Scptcmbcr 
October 
Novcm bcr 
Dcccmbcr 

Summary 

May 

July 

Bcryllium in Airborne Effluents 

Bervlllum 

Number Total 
of Khschargea 

Analyscs (8) 

53 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 
55 

0 0395 
0 0018 
0 0129 
0 0131 
0 0200 
0 0159 
0 0067 
0 0101 
0038 
0 0058 
0 0102 
0 0061 

658 0 1383' 

C b  
max 

(pg/m3) 

0 00031 
0 00003 
o m 1  
oo0031 
0 00033 
00o025 
0 00016 
0 00021 
0 00012 
o m 5  
0 00010 
0 00007 

0 00041 

a Thc bcryllium stationary-soum emission-standard is 
no morc than 10 grams of berylllium over a 24-hour 
pcriod undcr the provisions of subpart C of 40 CFR 
61 2(a) (US781 

b Cmax is the maximum measurcd concentration 
c This valuc is  not significantly different from the back- 

ground assoaatcd mth the analyses 

from the vcntilatlon exhaust systcms was 

not significantly above thc background Icv- 

els associatcd w t h  the analyscs and was 

wcll within the CDH and EPA standards for 

beryllium under the Clean Air Act 

Ambientairsamplersarelocated in theRocky 

Flats plantsite operahons area, at the plant 

penmeter [at distances of approxima tcly 3 

to 6 kilometers (2 to 4 milcs) from thc plant's 

ccntcr], and in surrounding communihcs 

These Rocky Flatsdcsipcd air samplcrs 

operate continuously at a volumctric flow 

ratc of approximatcly 12 I/S (25 ft3/min), 

collecting air parhculatcs on 20- X 2 k m  (8- 

X 10-in ) fiberglass media Manufacturer's 

tcst speclficahons rate this filter media to be 
99 97%effiaent for therelcvantparticlesizcs 
under conditions typically encountercd in 

routine ambient air sampling (sC82) 

3 5  
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specific plutonium analy- 

si5 15 pcrformcd During 

1988, four c?mplcs cx- 

S-5, and $16 (Figurc 7) 

Samplcs wcrc collc-ctcd 

and analyzed wcckly 
s." s I. , 

cccdcd thc TLLa sawn- 

iiig lcvcl and wcrc ana- 

lyzed for plutonium The 

results of thcsc analyses 

havc bccn includcd in 

Tablc 5 

Filters from 5 of the 23 

onsitc wmplcrs are rou- 

tincly analyzcd biwcckly 

for plutonium Thcsc five 

onutc samplcrs havc his- 

torically shown thc high- 

est 7 LLa activitics for thc 

II II 

The tntium samplcrs op- 

erated continuously at a 

sampling rate of onc-to- 

two liters of air pcr min- 

ute Water vapor in thc 

sampled air wascollcctcd 

maPyrextubehlled with 

silica gel Table 6 pres- 

ents the meanconcentra- 

honsof tnhummeasured 

in ambicnt air at thcsc 

threconsitcstahons dur- 
" ing the January through 

July monitonng pcnod 
FIGURE 7 Locahon of Onsite 

and Plant Penmcter 
sampliiig network Tablc Ambient Air Samplers Annual mean conccntra- 

S contains thc nican conccntrations of plutonium in 

aintwntairat lhcscstahonsduring1988,aswellasthe 
niiiiimiim and maximum conccntrahons measured 

throughout thc year 

The mean conccntrations of plutonium in ambient air 

.it thc fivc onatc stations dunng 1988 ranged from 

0 149 X lo-'' to 0 710 X 10-'5pCi/ml (5 51 X to 2 63 

X 10 ' Bq/rn3) Thcsc conccntrationsareless than four 

prccnt of the offsitc Dcrivcd Concentration Guide 

( W G ,  for plutonium in air 

Monitoring for tntium in ambicnt air was conductcd 

from January 6 to July 26,1988, at onsitc locations S-4, 

tionof trihuminambientairat the threconsitcstations 

rangcd from -0 07 X lo-'* to -0 06 X lo-'* pCi/ml air (- 

2 6 X Bq/m3) The ambicnt tritium 

in air monitonng program was disconhnucd in July, 

1988 WI th the decommssioning of the Solar Evapora- 

tion Ponds. The Solar Evaporation Ponds wcrc rc- 

placcd by two tanks (950,OOO and U0,OOO gallons) 

constructed to ColoradoDepartmcntof Health regula- 

tions for storage of hazardous waste soluhons 

, 
to -2 2 X 

Samplesofairborne particulatcsarecollccted on filtcrs 

by ambient air samplers at 14 locations along or near 

the plant penmcter Thesc pcrimctcr samplcrs arc 

located betwccn 3 and 6 hlometcrs (2 and 4 milts) 
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TABLE 5 Plutonium-239 and -240 Activity Concentrations in 
Onsite Ambient Air at Selected Locatmnsa 

Station 

s-5 
S-6 
s -7  
S-8 
s-9 

Number of Volume Concentrationb (x 1 0-15 p.cl/ml)c 

C max C mean 

25 33 1 0054 1389 0 389 
26 344 0 0 2 7  0460  0 149 
26 328 0045 1171 0 515 
26 41 8 0114 1 2 4 6  0 710 
26 376 0205 1179  0 641 

Analyses (X 1000 m3)d C min -- 

Standard 
Deviation 

(C mean) 

Percent 
of D C G ~  

(C mean 1 

0 357 
0 111 
0 369 
0 366 
0 286 

1 95 
0 75 
2 58 
3 55 
3 21 

S-6‘ 1 11 N A ~  NA 0 059 NA 0 30 
s-7 1 12 NA NA 0 664 NA 3 32 
S-8 1 17 NA NA 2 129 NA 10 65 
s-9 1 12 NA NA 1281 NA 6 41 

a 

b 

Air-sampling stations S-5, S-6, S-7, S-8, and S-9 are located in areas where the potential for 
elevated airborne radoactivdy is greatest (see Figure 7) 
Concentrattons reflect monthly composdes of biweekly station concentrations C,,” - minimum 
composited concentration, Cmax = maximum composited concentration, C,, = mean composited 
concentraton 
To obtain the proper concentration. multiply the numbers listed in the table by 1 X 10 ” pCilml For 
example, the mean concentration at S-5 was 0 389 X 10 ” pCllml 
To obtain the proper volume, multiply the numbers listed in the table by 1000 m3 For example, the 
air volume sampled at S-5 was 331,000 m3 
The interim standard calculated Derived Concentration Guide (DCG) for inhalation of class W pluto- 
nium by members of the publrc IS 20 X 10 ’’ pCi/ml (See Appendix A ) Protection standards for 
members of the publlc are applicable for offsde locations All locations in this table are on Rocky 
Flats Plant property The DCGs for the public are presented here for comparison purposes only 
Samples from stations S-6 (taken 8/9/88 to 8/23/88), S-7 (taken 4/19/88 to 5/3/88), S-8 (taken 111 
29/88 to 12/13/88), and S-9 (taken 8/23/88 to 9/6/88) exceeded the screening guide of 10 x 10 ” 
pCllml total long-lived alpha activity Specific plutonium analyses were performed on these 
samples The resutts of these analyses are included for completeness 

c 

d 

e 

f 

9 NA=Not Applicable 

J 

J‘ 14 

I 

31 
1 I 1. 
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TABLE 6 Trdtum Actnrtty Concentrattons in OnsRe Ambient Air 
(01 /06/88-07/26/88) 

26 5. Monitoring Data 

Station Analyses (m3) (mls) C mm C max C mean (C mean) (C mean) 

s-4 27 1695 805 - 0 9 9 ~ 1 2 4  0 2 8 ~ 0 7 1  -006 043 0 
s-5 25 203 452 - 0 6 0 ~ 1  74 0 1 4 ~ 1  27 -0 06 025 0 
S-16 24 288 603 - 0 9 2 ~ 1 5 0  0 2 3 i 0 8 3  -007 039 0 

a 

b 

Concentrations reflect monthly composltes of statlon concentratms C,,, = minimum composded concentration, 
C,, = maximum composded concentraton, C,, = mean cornposited concentration 
To obtain the proper concentration, multiply the number in the table by 1 X 10 l2  pCVml For example, the mean 
concentration at S-4 was -0 06X 10 l2  pCt/ml 
The interim standard calculated offslte Denved Concentraton Guide (DCG) for trltium in air is 200,000 X 10 l2 pCV 
ml (See Appendix A ) 

c 

from the plant center (Figure 7 1 The samplers are 

numbered S31 through s-44 Samples from each 

location are collected biweekly, cornposited by loca- 

hon, and analyzed monthly for plutomum Table 7 

presents the average concentrahons of plutonium 

radioactiwty in airborne parhculates at Stations S31 

through S-44 dunng 1988 The mean concentrahon of 

plutonium in ambient air at these locahons dunng 

1988 was o 003 x 1 0 - l ~  pCi/rnl(~ 11 x IO-' w/m3> 
Thisconcentrahoniso 01 percent of theoffsiteDCG for 

plutonium in air 

j 1  

r 

Samplesofairborneparhculatesarealsocollected at 14 

Collecting Ambient 
Air Parhculate Sample 
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W 1 - 
TABLE 7 Plutonium-239 and -240 Activity Concentrations in Perimeter Ambient Air 

Standard Percent 

Number of Volumec Concentrationa (x pCl/ml)b Deviation of DCGd 

Station Analyses (X 1000 m3) C min C max C mean (C mean) (C mean) 

S-31 12 
S-32 12 
5-33 12 
s-34 12 
s-35 12 
S-36 12 
s-37 12 
S-38 12 
s-39 12 
S-40 12 
S-41 12 
S-42 12 
s-43 12 
s-44 12 

268 
296 
375 
371 
31 9 
327 
41 0 
324 
384 
396 
346 
333 
362 
367 

0 000 0014 0003 
-0 002 0009 0002 
-0 001 0007 0002 
-0 001 0 041 0 006 
-0 001 0002 0001 
0 000 0 011 0 004 
0 001 0 027 0 010 
0 000 0 019 0 006 
0 000 0008 0002 

-0 001 0002 0001 
-0 001 0004 0001 
0 000 0004 0001 

-0 001 0005 0001 
-0 001 0008 0001 

0 004 
0 003 
0 002 
0 012 
0 001 
0 004 
0 008 
0 006 
0 002 
0 001 
0 001 
0 001 
0 002 
0 002 

0 02 
0 01 
0 01 
0 03 
0 00 
0 02 
0 05 
0 03 
0 01 
0 00 
0 01 
0 01 
0 00 
0 00 

Overall 168 4878 -0 002 0 041 0 003 0 005 0 01 

a Concentrations reflect monthly composites of filters by station locations Cmln I minimum concentration, Cmax E 
maximum concentration, C,, = mean concentration 
To obtain the proper concentration, multiply the numbers listed in the table by 1 X 10 Is pCi/ml For example, 
the mean concentration at S-31 was 0 003 X 10 l5 pCdml 
To obtain the proper volume, multiply the number listed in the table by 1000 m3 For example, the air volume 
sampled at S-31 was 268,000 m3 
The interim standard calculated Derived Concentraton Gude (DCG) for inhalatlon of class W plutonium by 
members of the public is 20 X 10 l5 pCt/ml Ddferences in percent of DCG for the same reported mean 
concentration are the result of rounding ddferences utilizing raw data 

b 

c 

d 

. 
h 

locations in or near communities in the vicinity of the 

Rocky Flats Plant These locations, shown in Flgure8, 

arc Boulder, Broomficld, Cotton Creek, Denver, 

Coldcn, jcffco Airport, Lafayctte, Lakcview Pointe, 

Lcydcn, Marshall, Supcrior, Wagner, Walnut Creek, 

and Wcstminstcr ~mplcfiltersarccoll~t~biwcckly, 

compositcd by location, and analyzed monthly for 

plutonium radioactivity Table 8 prcscnts thc avcragc 

concentrations of plutonium In a~rbornc parhculatcs 

at the communlty stations dunng 1988 Thc mcan 

concentration o f  plutonium in ambicnt alr at the 

community stahons was 0 002 X YO-” pCi /ml (7  40 X 

lo-* Bq/m3) This value IS 0 01 pcrccnt of thc offsltc 

DCG for plutonium m air 

34 I 

I 
il 
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TABLE 8 Plutonium-239 and -240 Concentrations in Community Ambient Air 

Number of 
Station Analyses 

~ 

S-51 Marshall 
S-52 Jeffco Airport 
S 53 Superior 
S-54 Boulder 
S-55 Lafayette 
S-56 Broomfield 
S-57 Walnut Creek 
S-58 Wagner 
S-59 Leyden 
S-60 Westminster 
S-61 Denver 
S-62 Golden 
S-68 Lakevrew Pointe 
S-73 Cotton Creek 

12 
12 
12 
12 
12 * 

12 
12 
12 
12 
12 
10 
11 
12 
12 

Volume Concentration *(x 1015 pCi/ml)b 

C max mean (X 1000 m3)" c min 

287 -0 003 0 002 0 000 
390 -0 001 0 012 0 003 
312 -0 001 0 050 0 005 
361 -0 002 0 028 0 003 
361 -0 001 0 035 0 004 
336 -0 002 0 004 0 001 
365 -0 001 0 004 0 001 
348 0 001 0 013 0 004 
396 -0 001 0 010 0 002 
255 -0 002 0 009 0 002 
220 -0 002 0 007 0 001 
305 -0 001 0 008 0 001 
397 -0 002 0 010 0 002 
341 -0 001 0 005 0 001 

Standard Percent 
Deviation of DCGd 

(C mean) (C mean) 

0 001 0 00 
0 004 0 02 
0 014 0 03 
0 008 0 02 
0 010 0 02 
0 002 0 00 
0 002 0 01 
0 003 0 02 
0 003 0 01 
0 003 0 01 
0 003 0 01 
0 003 0 01 
0 003 0 01 
0 002 0 00 

Overall 165 4674 -0 003 0 050 0 002 0 006 0 01 

a Concentrations reflect monthly composltes of filters by staton locatlons Cmln = minimum concentration, Cmax = 

maximum concentration, Cman = mean concentration 
To obtain the proper concentration, multiply the numbers listed in the table by 1 X10 I s  pCi/ml For example, the 
mean concentration at Marshall was 0 000 X 10 l 5  pCl/ml 
To obtain the proper volume, multiply the numbers listed in the table by 1000 m3 For example, the air volume 
sampled at Marshall was 287,000 m3 
The interim standard calculated offslte Derived Concentration Guide (DCG) for inhalation of class W plutonium by 
members of the public is 20 X 
are the result of rounding differences utilizing raw data 

b 

c 

d 

pCllml Ddferences in percent for DCG for the same reported mean concentration 
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FIGURE 8 Locahon of Community 
Ambient Aw Samplers 

During 1988, monitonng of ambient air included the 

follow ng parameters suspended parhculates, ozone, 

sulfur dioxide, carbon monoxlde, nitrogen dioxlde, 

and lcad This monitonng utilized instrumentahon in 

a sclfcontaincd shelter equipped for field sampling of 

ambient air Thcsc SIX parameters are mtena pollut- 

ants regula tcd by theEnwronmenta1 Protechon Agency 

(EPA) and the State of Colorado through the Qcan Air 

Act Amendmentsof 1970and 1977, which include the 

Nahonal Ambient Air Quality Standards (NAAQS) 

and Colorado Air Quality Control Commission Ambi- 

ent Air Standards Regulation of criteria pollutants by 

EPA and the State of Colorado is conducted on a 

regional basis, rather than for any individual facility 

The Rocky Flats Plant monitonng program for thcx 

pollutants has been conducted to provide baseline 

informahon on critena pollutant air concentrahons in 

this area 

- -  - 

Table9 identifies thedetechonmethodsand operating 

ranges of the monitoring analyzers with correspond- 

I 
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Parameter 

TABLE 9 1988 Ambient Air Monitoring Detection Methods 
and National Ambient Air Quality Standards (NAAQS) for Particulates, 
Ozone, Suffur Dioxide, Carbon Monoxide, Nitrogen Dioxide, and Lead 

Detection Methods and 
Analyzer Ranges NAAQS Averaging Time Concent ration 

Total Suspended 
Particulates (TSP) 

Reference Method (Hi Volume) 
24-Hour sampling 

(6th-day scheduling) 

Annual Geometric Mean 
Primary' 
Secondary b 

Primary'*' 
Secondaryb ' 

24-Hour 

75 pg/m3 

60 pglm3 

260 pglm3 
150 pg/m3 

PM 10 
(Particulate Matter 
less than 10 micrometers 
in diameter ) 

Ozone (0,) 

Sulfur Dioxide (SO,) 

Carbon Monoxide (CO) 

Nitrogen Dioxide (NO2) 

Lead 

Wedding PM-10 Sampler 

ThermoElectron Model 49 

Ultravdet Photometry 
0-0 5 ppm 

Primary 

24-Hour Average 
Annual Arithmetic Mean 

1 -Hour 
Primary' 

50 pg/m3 
150 pglm3 

012  ppm 

ThermoElectron Model 43 
Pulsed Fluorescence 
0-0 5 ppm 

ThermoElectron Model 48 
Gas Filter Correlation (infrared) 
0-50 ppm 

Annual Arithmetic Mean 
Primarya 

24-Hour 

3-Hour 
Primarya 

* r  Secondary 

1 -Hour 

8-Hour 
Primary' ' 

Primary' ' 

0 030 ppm 

0 140 ppm 

0 500 ppm 

35 PPm 

9 PPm 

Monitor Labs Model 8840 
Chemiluminescent 0-0 5ppm 

Reference Method (Hi Volume) 
24-Hour Sampling 
(Atomic Absorption Analysis) 

Annual Arithmetic Mean 
Primary' 0 05 ppm 

Calendar Quarter 
Primarya 

a Primary NAAQS are intended to protect public health 
b Secondary NAAQS are intended to protect public welfare 
c Not to be exceeded more than once P e r  year 
d Statistically estimated number of days w i h  concentrations in excess of the standard is not to be more than 1 0 per 
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iiig rcgional compliance standards Dunng 1988, the 

monitoring shclter was at a location near the east en- 

trnncc (gate 10) to thc plant This isanopenarea near 

a traffic zone and is generally downwind from plant 

buildings Ambient air data were collected over the 

entire year w th  some limted loss of data due to 

cquipmcnt malfunction dunng the fourth quarter 

Final EPA rcspirablc parhculates (PM-IO) standards 

wcrc issucd July 1,1987 (US87a) Reference methods 

for this ncw PM-IO standard were issued by EPA on 

October 6, and Dcccmbcr 1,1987 (US87b) The PM-IO 

sampler that the Rocky Flats Plant has in use is one of 

thc two acccptcd samplcrdesissspeclhcallydescnbed 

in the October 6, 1988, Federal Remster Two co- 
located PM-IO samplers began operahons in the sec- 
ond quarter of thc 1988 sampling penod The refer- 

ciicc method for ambient lead sampling is shll the 

high-volumc sampler The use of both TSP and PM-IO 
sarnpli ngis cncouragcd by CDHuntd sphcchanges  

arc made in statc regulations that reflect the PM-IO 
changes in thc federal regulahons 

Mcasurcments of TSP and lead were conducted using 

the EPA rcfcrcncc high-volume air sampling method 

Thcprimaryambientairparhculatesamplerand aco- 

loca tcd duplicate sampler were operated on the EPA's 

sampling schcduleof onceevery sixth day Parhculate 

data arc shown in Table 10 The highest TSP value 

rccordcd in 1988 (a 24-hour sample) was 83 pg/m3, 

which is 32 pcrccnt of the former 24-hour pnmary 

standard of 260 pg/m3 The annual geometric mean 

valuc for 1988 was 39 5 pg/m3, which was 53 percent 

of the old TSP primary annual geometric mean stan- 

dard of 75 pg/m3 The annual arithmetic mean for the 

pnmary PM-IO sampler (unit "C") was 15 8 pg/m3, 

which was 32 percent of the Primary Annual Arithme- 

tic Mean of 50 &m3 The observed 24-hour maxi- 

mum was 39 1 pg/m3, whch was 26 percent of the 

Pnmary 24-hour Standard of 150 pg/m3 

Thequartcrlyaveragelead concentrations in airbken 

from high-volume samples) for 1988 were well below 

the pnmary quarterly standard of 1.5 pg/m3 The 

lughest quarterly value detected was 0020 pg/m3 

collected dunng January, February and March, which 

is less than two percent of the EPA standard 

Ambient ozone data were collected using an ultravio- 

let (U V ) photometnc type analyzer During 1988, a 

total of 6326 one-hour ozone samples were collected 

The maxlmum one-hour value was 0 090 ppm, which 

is 75 percent of the pnmary one-hour standard of 0 120 

ppm These values are consistent with levels meas- 
ured in the general Denver metropolitan area during 

1988 (COS81 Calibrahon of this analyzer was done 

with a pnmary standard U V photometer 

Sulfur dioxide sampling was conducted using a con- 

hnuously operahng pulsed fluorescence type analyzer 

calibrated by use of a cerbfied cylinder gas and a 

dynamc gas dilution calibrahon system The cylinder 

gases,as well as the mass flowmeters, have traceability 

to pnmary standards set by the Nahonal Bureau of 

Standards The maximum one-hour SO2 value rc- 

corded at the plant was 0 021 ppm and the maximum 

43 
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TABLE 10 Onsite Ambient Air Quality Data 
(Nonradioactive Parameters)-1 988 

Total Suspended Particulates (pg/m3) 

Total Number of Samples, “A“ 

Total Number of Samples, *Wb 
61 

61 

Annual Geometric Mean, Sampler “A” 39 5 
Annual Geometric Mean, Sampler “B“ 37 1 

Standard Deviation, Sampler “ A  20 1 
19 2 Standard Deviation, Sampler “B” 

Observed 24-Hour Maximurn, “A” 
Observed 24-Hour Maximum, “8” 

83 3 
80 6 

Second Highest Maximum, “A” 80 5 
75 2 Second Highest Maximum, “B“ 

Lowest Observed Value, “A” 7 0  
Lowest Observed Value, “B’ 7 5  

Respirable Particulates (PM-10) (pg/m3) 
Total Number of Samples, “C” 38 
Total Number of Samples, “0” 40 

Annual Arithmetic Mean, “C“ 
Annual Arithmetic Mean, “D“ 

15 8 
14 3 

Observed 24-Hour Maximum, “C” 
Observed 24-Hour Maximurn, ‘ID” 

39 1 
36 8 

Second Highest Maximum, “C“ 
Second Highest Maximum, ‘ID” 

35 9 
33 7 

Ozone (ppm) 
Number of Observations, Hourly‘ 6,526 
Arithmetic Mean, Annual 0 032 
Maximum 1 -Hour Concentration 0 090 
Second Highest 1-Hour Concentration 0 090 
Mincrnum Observatm, Hourly 0 003 

a Primary ambient air particulate sampler 
b Co-located duplicate sampler 
c Continuous millivolt analyzer output is composited 

and converted to engineering units for comparison to 
NAAQS (see Table 9) 

4 

obscrvcd thrcc-hour avcragc valric was 0 019 ppm, 

which is four pcrccnt of thc EPA thrcc-hour standard 

of 0 500 pprn The calculatcd annual anthmctic mean 

valucofO 003ppmistenpcrccntof thcNAAQSannua1 

anthmctic mean standard of 0 030 pprn Thc maxi- 

mum observed 24-hour average for SO, was 0004, 

ppm, which is six pcrccnt of thc NAAQS 24-hour 

standard of 0 140 ppm 

The 6,500 hourly averages of carbon monoxidc (CO) 
data collected dunng 1988, using a gas filtcr corrcla- 

tion infrared type analyzer, yeldcd an annual anth- 

mchc mean of 0 50 ppm, including a maximum onc- 

hour average value of 5 00 ppm, which is 14 pcrccnt of 

thc primary one-hour standard of 35 ppm A maxi- 

mum eight-hour avcragc conccntra tion valuc of 2 00 

ppm was recorded, which is 22 pcrccnt of thc crght- 

hour pnmary standard of 9 ppm I 

The nitrogen dioxide (NO,) data contain 5,636 hourlv 

averages of conhnuous sampling and gave an annual 

anthmetic mcan of 0 005 ppm, which is tcn pcrccnt of 

the NAAQs pnmary annual anthmctic mean stan- 

1 

I1 

f* i t  

, 

f- dard value of 0 05 ppm Thcmaximum onc-hour valuc 
3,- 

notcd dunng this timc pcriod was 0 050 pprn 

All conhnuous analyzers wcrc routincly chcckcd us- 

ing established prmsion and opcrational span checks 

mu1 tipoint dynamiccalibrations, and cstabhshcd stan- 

dard operating procedurcs 

Aspartofanongoingqualitvassurarccprognm,all o! 

thc analyzers were subpctcd to an indcpcndmt an- 
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TABLE 10 Onsite Ambient Air Quality Data (continued) 
(Nonradioactive Parameters)-1 988 

Carbon Monoxlde (ppm) 
Number of Observatans, Hourly' 
Anthmetlc Mean, Annual 
Maximum 1-Hour Concentratan 
Second Highest 1 -Hour Concentration 
Maximum 8-Hour Concentrat an  
Minimum Hourly Observation 

Nltrogen Dioxide (ppm) 
Number of Observatms, Hourly' 
Annual Anthmetic Mean 
Maximum 1-Hour Concentration 
Minimum Hourly Observation 

Sulfur Dioxide (ppm) 
Number of Observatlons, Hourly' 
Ardhmetc Mean, Annual 
3-Hour Average, Highest 
24-Hour Average, Highest 
Maximum 1 -Hour Concentration 

Airborne Lead (pg/rn3) 

Total Number 
of Samples 6 

Jan-Mar 

Quarterly Avg 0 020 

6,500 
0 50 
5 00 
4 90 
2 00 
0 05 

5,636 
0 005 
0 050 
0 001 

6,640 
0 003 
0 019 
0 009 
0 021 

Acxdlne 

8 

0 008 

Jul-SeD Oct-Dec 

6 6 

0 019 0 016 
- 

a Primary ambient air partlculate sampler 
b Co-located duplicate sampler 
c Continuous millivolt analyzer output is composited and converted to 

engineering unlts for comparison to NMOS (see Table 9) 

' I  

1 
1 
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i i m l  ' iiidit during 1088 Rcsponscs of 'ill but the* NO, 

analyzer were within the cstablishcd EPA guidelines 

for ambient air monitonng networks (+ 15 percent) 

I tic oxidcs of nitrogen analyzer indicatcd a convcrtcr 

cfficicncy of less than 90 percent Maintenance procc- 

dures were conducted b a d  on this operational in- 

d i ca tor 

Rcvicw of the N AAQs da ta for EPA Cri tcria Pollutants 

over thc past scvcral ycars has provldcd a basclinc 

htnbaw for plant sitcnccds Costbcncfitanalysisand 

the abscnccof site-specific regulations mandating this 

iiionitoriiip have rcsultcd 111 a rcscoping of this pro- 

gram All parameters cxccpt for thc sampling of 

prtigulatcs will be discontinued concurrcnt with 

publication of this rcport The sampling of total sus- 

pciidcd and rcspirablc (PM-IO) particulates will con- 

tinuc to provide a database for comparative trend 

analysis 

North Walnut Crcck receives surface water runoff 

from thc north side of the planbite (See Figure 4 1 
tlolding Pond A-3 on North Walnut Crcck is uscd to 

impound this surface runoff for analysis prior to dis- 

charge A second control point, flood control Pond A- 

4 I\ locatcd further downstream 

Pond\ A-1 and A-2 arc isolatcd by valvcs from North 

Walnut Crcch In thcpast, thcscpondshavcbccnuscd 

for sk)r,ige niid rv,ipornlioii of I,iiintlry M,Ih r Ihis 

practice was discontinued in 1980 Thcx ponds cur- 

rcntlyaremaintaincd ina statcof rcadincsq for control 

of possiblcchcmical spillsinto thc North WaliiuLCrcck 

drainage basin Disposition of Pond A-1 arid A-2 

runoff water is through natural evaporation and IS 

enhanced by spraymg water through fog nozzlc! o\ cr 

the surface of thc ponds Excess watcr that docs not 

evaporate is then rccollectcd by the ponds 

South Walnut Crcck rcccivcs surface water runoff 

from the central portion of thc plant This watcr is 

divcrtcd through a culvert systcni to Pond B-4 and 

then to flood control Pond B-5 where the water is 

impoundcd for analysis prior to controllcd offsi tc 

discharge 

In thc past, trcatcd sanitary wastcwatcr also was rou- 

tinely dischargcd to South Walnut Crcck Thi5 pmc- 
ticc wasdiscontinued in 1979 Currcntly,dischargcs to 

South Walnut Creek following impoundment in Pond 

E5occuronly when wcathcrconditionsdo not pcrmit 

onsite spray irngation Dunng 1988 trcatcd sanitary 

wastewatcr was discharged directly to Poiid E3 to tv 

used for spray irrigation onto Rocky Flats Plant huffcr 

zone areas or for discharge to Pond B-5 during inclem- 

ent weatherconditions Pond B-5 isdischarged under 

controlled condihons when Pond B-3 discharges, p r c  

cipitation runoff, or a combination of the two sourccc 

requireit PondsB-1 and B-2,alsolocatcd i n  tlicccntral 

drainagc,arcrcscr\ cd asbxkupcoiitrol poiids Thew 

ponds can bc used to retain chemical spill\, surface 

water runoff, or treated sanitary wastcwator within 

the limits of thcir combined capacities 



1 

5. Monitoring Data 

1 

35 

Surface runoff watcr from the south side of the plant is 

collcctcd in an interceptor ditch and flows to surface 

watcrcontrol PondC-2, where thewaterisimpounded 

and analyzed before discharge Woman Creek, also in 

the south drainage, is isolated from this diversion 

system Pond C-1 is used as the monitonng point for 

Woman Crcek 

Discharges from the Rocky Flats Plant are monitored 

for compliance with appropna te Colorado Depart- 

mcnt of Health Standardsand EPA Nahonal Pollutant 

Discharge Elimina hon System (NPDES) permit limi ta- 

tioiis (UWa) Annual average concentrations of 

clicmical and biolopcal constituents of liquid effluent 

smplcscollccted fromPonds A-3, A-4,@-3,BS,and C- 
2 during 1988 are presented in Table 11. The data are 

indicative of overall water quality for these ponds 

Duringl984, theplantNPDESpermitexpiredand was 

rcplaccd by a renewed NPDES pemt with the same 

sewn discharge locahons 001,002,003,OoQ, 005,006 

arid 007 The discharge locahons are identified in 

Table 11 The NPDES permit places monitonng and 

rcporhng requirements and limitations on daily con- 

ccntrahons and monthly average concentrahons for 

specific parameters There were violahons of the 

NPDES permit dunng some months of 1988 The 

violations consisted of exceedance of the allowable 

Biochcmical Oxygen Demand (BOD5) limits dunng 

thc months of February, March, Apnl, and May and of 

thcallowable fecal coliformlimitforApnl,l988 Table 

12 summarizes the 1988 NPDES Permit exceedances 

The probable causc of the wolations to BOD, permit 

limitshasbccnattnbutcd to inability toremovesludge 

from the Sewage Treatment Plant (STPI dunng cold 

and wet weather and to sludge drying and disposal 

hmitahons These conditions diminish the efficiency 

of the treatment system because the aging sludgc 

whichresultsbecomes lessbiologcally active for treat- 

ing the waste Lower cffiaency in the treatment proc- 

ess results in higher levels of BOD, in the waters being 

discharged from the faality This problem is common 

to similar treatment systems throughout the State and 

country Rocky Flats Plant has commissioned studies 

by independent consultants of both the STP and hold- 

ing ponds to be performed dunng the winter and 

spnng seasons The STP studies are designed to char- 

actcnze and optirmze processes in that facility 

One of the corrective acbons mi hated to provide relief 

from the STP sludge removal problem includes instal- 

la tion of an expenmental polyurethane tilcdrymg bcd 
Thecompletion date of thisdryingbed is prolccted for 

spnng 1989 

Another corrective action initiated to correct the fccal 

coliform wolation was increase of the chlonne feed 

rate into the disinfectant contact basin and installa hon 

of a chlonne dispersion system A dechlonnation 

faality is scheduled for installation in the spnng of 

1989 to prevent chlonne wolahons during discharge 

Studies of the holding ponds wcre inihated to charac- 

tenze algal contnbutions to BOD5 levels Thcsc stud- 

&? 



I 

36 5. Monitoring Data 

c , 3 

i TABLE 11 Annual Average Concentrations of Chemical 
and Biological Constituents in Liquid Eff luentsa 

Number of 
Parameters Analyses minimumb maximum meanb 

Pischarae 001" 
pHSU 43 6 8  8 1  
Nitrate as N, mgll 43 117 4 7  1 6  
Total Suspended Solids, mgll 43 0 14 3 9  
Total Residual Chlorine. mgfl 43 0 09 02 0 1  
Total Chromium. mgA 10 <o 05 CO 05 <o 05 
Total Phosphorus, mgfl 16 0 5  1 0  0 6  
Fecal Coldorm, #/I 00 ml 43 3 31 2 71 

Biochemical Oxygen Demand 15 3 >40 >15 5 

Dlsch 
(BOD,), mgll 

C arae 002 
PH, SU 14 6 9  8 1  
Nitrate as N. mgll 14 0 8  4 8  2 3  

Pischarae 003" 

Discharae 004" 

Discharae 005' 

During 1988 there were no discharges to offsite waters from the Reverse Osmosis Pilot Plant 

During 1988, there were no discharges to offsite waters from the Reverse Osmosis Pilot Plant 

PH, SU 20 52 8 0  
Nitrate as N. mgll 20 0 04 3 01 181 
Nonvolatile 

Discharae Ow" 
Suspended Solids, mgll 20 0 0  5 1 05 

PH, SU 38 6 8  8 3  

Nonvolatile 

Pischarae OOr 

Nitrate as N, mgll 38 0 05 2 67 1 25 

Suspended Solids, mg4 36 0 0  7 0  1 2  

PH, SU 4 7 2  8 3  

Nonvolatile 
Nitrate as N, mgll 4 <o 02 0 56 0 19 

Suspended Solids, mgll 4 0 0  20 1 0  

a ExamDles of NPDES Permit limitabons are Dresented in Table A 2 
b minimum = minimum measured ooncentrabon, maximum = maximum measured concentration mean i 

I 
= mean measured concentrabon 
The Environmental Protecbon Agency NPDES discharge permit defines the discharge locations as follows 
001 - Pond 8-3 
002 - Pond A 3 
003 Reverse Osmosis Pilot Plant 
004 - Reverse Osmosis Plant 
005 - Pond A-4 
006 - Pond 8-5 
007 - Pond C-2 

I c 

i 
1 
I 

I 
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Table 12 Summary of Rocky Flats Plant 1988 NPDES Permlt Exceedances 

Reporting Permit 
Parameter Perrod Llmns 

30day Daily 
Ava. -Ma& 

BOD, - mg/l 10' 2!jb 
Feb 1988 
Mar 1988 
Apr 1988 
May 1988 

Fecal 
colnorrn 
No 1100 ml Apr 1988 

30-day 7-day 
,Byg. AuL 

Reported 
Results 

30day Daily 
Ava. k 

- 11 
21 3 28 5 
>27 >40 
11 - 
30-day 7-day 
A!!L -8ra 

200 400 - 31 2 

a 

b 

c 

This limitaton shall be determined by the anthmetic mean of a minimum of three (3) consecutive samples 
taken on separate weeks in a 30 day penod 
Any single analysis and/or measurement beyond this Iimltatlon shall be consldered a violatton of the condt- 
tions of ths pennd 
Averages for Fecal Coldorm shall be determined by the geometrlc mean of a minimum of three (3) consecu- 
tive grab samples taken during separate weeks in a 30day period for the 30-day average, and during 
separate days in a 7day penod for the 7-day average (minimum total of three (3) samples) 

ICs, which still In Process, are 1ndlcabng that S%- 

nificant contnbutors to theelevated BOD5 vahesfrom 
Prior to discharge from Ponds A-4, B-5, and C-2, watcr 

sampled and analyzed for goss alpha, p s s  bcta, 

B-3 high P0Pulabons tntium, gamma achwty, pH, nitrate as nitrogcn (N), 
and nonvolahle suspended solids Water IS not rc- 

leased if the plant achon level for any paramctcr 1s 

exceed& In general, these action levels are based on 
EPA and CDH dnnking water standards 

and other factors unrelated to the STP operahons 

No vlolahons to the 

havc occurrcd since May, 1988 

Flats Plant NPDES Fmlt 
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Collection of Grab Water Sample 

During releases from Ponds A-4, B5, and C-2 in 1988, 

water was sampled conhnuously The samples were 

analyzed later for plutoruum, uraruum, amencium, 

tntium, pH, nitrate as N, and non-volatde suspended 

solids Water was also sampled conhnuously and 

collected daily from the outfall of Pond C-1 and col- 

lected from the Walnut Creek at Indiana Street sam- 

plingstation when therewas flow Dadysamples were 

taken and analyzed for tntium The daily samples 

were composited into weekly samples for plutonium, 

uranium, and amenaum analyses Concentrations of 

plutonium, uranium, amenaum, and mhum in water 

samples from the outfalls of Ponds A-4, B-5, C-1, C-2 

and fromwalnut CreekatIndianaStTeetarepresented 
in Tables 13 and 14 All plutoruum, uranium, amen- 

cium, and tnhum concentrations at these locahons 

were 1 3 percent or less of the applicable DOE ljcnved 

Concentration Guides (DCGs) 

As prenously mentioned, surface runoff water from 

the Rocky Flats Plant passes through Ponds A-4, B-5, 

and C-2 where the water is sampled and analyzed for 

radionuclides during the discharge process During 

1988, thecumuhhveamountsof plutonium fromPonds 

A-4, B5,and C-2 were 2 9 x Ci (1 1 X 106Bq),8 OX 
CI (3 0 X lo6 Bq), and 8 8 X lo4 Ci (3 3 X lo5 Bq), 

respectively The yearly cumulahve totals for ura- 

nium, were 8 37 X lo” Ci (3 1 X lo8 Bq), 1 56 X Ci 

(58 X lo8 Bq), and 3 66 X 10“ Ci (1 4 X lo’ Bq), 

respechvely The totals for amenaum were 2 7 x 105 

Ci (1 0 X lo6 Bq), 8 4 X lo-’ Ci (3 1 X lo6 Bq), and 4 1 X 
lo4 0 (1 5 X lo5 Bq), respechvely 

During 1988, Rocky Flats Plant raw water supply was 

obtained from Ralston Reservoir and from the South 

Boulder Diversion Canal Ralston Reservoir water 

usually contains more natural uranium radioactiwty 

than the water flowlng from the South Boulder Diver- 

sion Canal Dunng the year, uranium analyses were 

performed monthly on samples of Rocky Flats Plant 

raw water The uranium concentrahons measured 

dunng 1988 are presented in Table 15 Uranium con- 

cenlrahons measured dunng 1988 in raw water aver- 

aged 1 6 X pCi/ml(O 06 Bq/l) or 0 002 pg/ml 

Approximately 1226 gallons (4,6401) of waste contam- 

nated with polychlonnated biphenyis(PCBs)and low- 

level radioactivity are stored in approved holding 

faahhes at the Rocky Flats Plant Some operating 
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4 . 
TABLE 13 Plutonium, Uranium, and Americium Concentrations 

in Water at the Rocky Fiats Plant 

Number of 
Locat ion Analyses 

Pond A 4  5 
Pond 8-5 15 
Pond C-1 32 
Pond C-2 2 
Walnut Creek 

at Indiana Street 26 

Pond A-4 5 
Pond B 5 15 
Pond C-1 32 
Pond C-2 2 
Walnut Creek 

at Indiana Street 26 

Percent of 
minimuma maximuma meana DCG 

-0003 f 0030' 0091 f 0035' 002 f 003d 0 08 
-0017 f 0054 008 f 004 002 f 004 0 07 
-003 f 002 006 003 001 f 002 0 03 
009 f 003 O103f 0038 010 f 003 0 33 

-0016 0025 0034f 0014 001 002 0 03 

Uranium Concentratlon (X 1 o - ~  pCi/ml)' 

2 5  f 02' 112 f 12' 6 5  f 0 9  _ _  1 3  
2 1  f 0 2  8 0  f 0 8  3 8  f 0 4  0 8  

3 5  k 0 3  4 5  f. 0 3  4 0  f 0 3  0 8  
-0008 f 0 2  3 2  f 0 3  0 9  f 0 2  0 2  

0 8  f 0 1  121 f 1 0  4 8  0 5  1 0  

Americium Concentration IX lo-' uCi/mllf 

Pond A-4 5 
Pond 8-5 15 
Pond C-1 32 
Pond C-2 2 
Walnut Creek 

at Indiana Street 26 

0013 f 0 0 2 p  003 f. 002' 002 f O0zd 0 07 
-0004 002 004 f 005 002 f 003 0 07 
-0005 f 0023 0060f 0013 001 5 003- -  002 - 
002 002 007 f 003 005 f 003 0 17 

-001 f 002 0 0 6 7 2  0032 001 f 002 0 03 

C a minimum = mirumum measured concentrabon, maximum = maxtmum measured concentrahon, mean = mean measured 

b 
concentrabon 
Radiochemically determined as plutonium -239 and -240 The intenm standard calculated Denied Concentrabon Gude (DCG) 

9 lor plutonium in water available to members of the public is 30 X 10- pCt/ml (See Appendix A ) 
Calculated as 1 96 standard devlabons of the indvldral measurement 
Calculated as 1 96 standard dewtons of the mean 
Radochemically determined as uranium -233, -234, and -238 The intenm standard calculated Denved Concentration Gu~de 

(DCG) for uranium in water aviulable to members of the public is 500 X lo-' pCJml (See Appendix A ) 
Radochemically determined as americium -241 The intenm standard calculated Denved Concentration Guide (DCG) for 

amencium in water available to members of the publlc is 30 X lo-' pWml (See Appendix A ) 

c 
d 
e 

f 

, 

- 
* 
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TABLE 14 Tntiurn Concentrations in Water 
at the Rocky Flats Plant 

Number of Trrtium Concentration (X lo-' pCVml) Percent of 
Location Analyses minimuma maximuma meana DCG 

Pond A-4 5 -270 f 290' 310 f 320' -60 f 170d 0 
Pond 8-5 24 -680 f 290 320 f 520 -10 f 190 0 

Pond C-2 3 -300 f 300 20 f 290 -130 f 220 0 
Pond C-1 32 -600 f 500 500 f 360 -20 130 0 

Walnut Creek 
at Indiana Street 98 -570f 420 900 f 380 -60 140 0 

a minimum = minimum measured concentration, ' maximum I maximum measured concentration, 
mean = mean measured concentration C 

b 

c 
d 

The interim standard calculated Derived Concentratlon Guide ( D E )  for tritium in water available 
to the members of the public is 2,000,000 X 10 pCi/ml (See Appendix A )  
Calculated as 1 96 standard deviations of the individual measurement 
Calculated as 1 96 standard deviations of the mean 

transformcrs contain PCBs, and each is idenhfied, 

propcrly labclcd, and protcctcd according to EPA 

regulations A program is in place to replace all PCB 

con tnining transformers Analytical results from 
downstream wa tcrs during 1988 showed no concen- 

trations of PCBs i n  cxccss of the analyhcal detechon 

limit of approxiinatcly oiic part pcr billion 

A vcgcta tion control program using chemical hcrbi- 

cidcs was conductcd at thc Rocky Flats Plant dunng 

1988 The application was complctcd by licenscd 

independcnt contractors using EPA approved chcm- 

cals applied stnctly according to the rnanufacturcr's 

label Pesticides used in or ncar surfacc watcrs arc 

approved by the EPA for such use Rockwell pcrsonncl 

conductcd inspections to cnsurc compliancc with thc 

appropnatc regula tions govcrning applica tion of hcrbi- 

cides 

- *  
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TABLE 15 Uranium Concentratans in the Rocky Flats Plant 

Raw Water Supply 

Number of Uranium Concentratan (X 1 o - ~  pCVrnl)* Percent of 
Locat ion Analyses minimumb maximumb meanb DCG 

Rocky Flats 
Raw Watef 12 0 3 ~ t O l '  4 4 k 0 3 '  1 6  ~ t O 3 ~  0 3  

a Radiochemically determined as uranium-233, -234, and -238 The interim standard calculated 
Derived Concentration Guide (DCG) for uranium in water available to members of the public IS 500 
X 10 pCllml (See Appendix A ) 

minimum = minimum measured concentraton, maximum = maximum measured concentration, 

mean = mean measured concentraton 
II b 

C 

c 
d 
e 

Source of raw water - Ralston Reservoir and South Boulder Diversion Canal 
Calculated as 1 96 standard deviations of the indtvidual measurement 
Calculated as 1 96 standard deviations of the mean 

k 

History- Ground watcr monitoring for radionuclides 

and othcrparamctcrshasbeenconductedat theRocky 

Flats Plant since thc first monitonng wells were m- 

stnllcd in 1960 Ground water monitonng wells have 

bccn pcnodically addcd to this nctwork as appropn- 

alc By 1985, a total of 56 ground water morutonng 

wclls had bccn installcd at the Rocky Flats Plant A 

mnpr upgrade in thc moni toring program occurred in 

1985 whcn rnstallation of new stainless steel monitor- 

ing wclis was b c p n  to monitor for the United States 

Envxronmental Protection Agency's Resource Conser- 

vahon and Recovery Act (RCRA) chemical parame- 

ters The chemicals monitored are typical of those 

whch might be generated at hazardous wastc man- 

agement facxlxties 

Envxronmental charactenzahons at Rocky Flats Plant 

currently are required by the U S Environmental 

Protection Agency (EPA), the Colorado Department of 

Health (CDH), and the Department of Energy (DOE) 

As part of a plant-wide geologc and hydrogeologic 

charactenzahon in 1986, monitoring wells wcrc in- 

stalled in the RCRA regulated units (West Spray Field, 

Solar Evapora tion Ponds, and Present Landfill) These 

units received vanous types of regulated wastes after 

s3 
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1082 Additional KCRA-quality wells wercinstallcd at 

u a s k  m,inagcmcnt sitcs that rccctved various wastes 

prior to 1982 Thcscsitcs,rcgulatedunder theCompre- 

hcnsivc Environmental Response, Compensation, and 

Liability Act (CERCLA), include the High Pnonty Site 

(the 881 Hillside Area) and the Medium Pnority Sites 

(the903Pad,Moundand EastTrenchcs Areas) Atotal 

of 69 RCRA-quality wells wcrc installed in 1986 

A hyd rc,gc.<)l<~gicch,~racteriza tion report and plans for 
ground water nionitoniig were included in the RCRA 
Part €3 permit application submitted to CDH and EPA 

111 Novcnibcr, 19% An annual report discussing the 

RCRA rcgulatcd units is subniitted to CDH and EPA 

Region VI11 by March 1, of every year This report 

adJrc\xs the current status of each RCRA regulated 

wv t's monilonng nctwork, contaminant conccntra- 

tioii, location, and ratcof movcmcnt 

kiydrogcologic invcstigations conhnucd in 1987 and 

con.;istcd of the installation of 67 ground water moni- 

toring wells Rcsultsof thcinveshgahonscanbe found 

in tlic Rcnicdial lnvcstigation Report for the 881 Hill- 

side A rea, tR188) and thcRcmcdia1 lnvesbga tion Report 

for the 903 Pad, Mound and East Trenches Areas, 

(R187) Both of thcse reports can be found at the 

Colorado Department of Health, the Environmental 

Protection Agency Region VIII, and other Federal 

dociiiiicnt repositories in the area 

WorA Plan for 1989 

Cround water monitoring will bc coordinated by the 

Plant'sRCRA/CERCLA Programs with sampling and 

ematysis on a quarterly basis for 1989 Analytical 

Table 16 Ground Water Monitonng 
Parameters 

lndlcators 
Tempera tu re 

PH 
Specific Conductance 

Metals 
EPA Target Analyte List Metals 
(including 24 different metals) 

Lithium 
Cesium 

Molybdenum 
Strontium 

Anlons 
Bicarbonate 
Carbonate 
Chloride 
Nitrate 
Sulfate 

Oraanfcs 
EPA Target Compound List VOCs 

(including 34 different Volatile 
Organic Compounds) 

Radlonuclrdes 
Gross Alpha 
Gross Beta 

Uranium-233, -234, -235, -238 
Amercium-241 

Plutonium-239, -240 
Tritium 

parameters are listed in Table 16 

Natural tanability of background concentrations fv 

thc analytes of interest in all ground water invcstip- 

tions at the plant must Ix deterniincd i n  ordcr to 

obtain a meaningful cornpanson and rcsolu tion of any 
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con taminari t problcm Thcrcfore, a comprehensive 

background charactcnzation for ground water quality 

has bccn initiated 

Draft plans for additional inveshgahonof theMedium 

Priority Sites - 903 Pad, Mound and East Trenches 
Areas - wcrc completed in 1988 and submtted to EPA 

and CDH for rcview and comments The strahgraphc 

complexity of thc Arapahoe Formahon will be invesh- 

gatcd using high resolution seismic reflechon TIUS 

program will optimize the ground water moxutonng 

nct work Draft plans for theremedial inveshgabonsof 

thc Low Priority Sitcsalso wcrecompletcd in1988 and 

submrttcd to EPAand CDHforrewewandcomment 

Further charactenzabon of RCRA rcgulatcd units will 

consist of the installation of an additional 55 ground 

water momtoring wells A network of approximately 

126 piezometers also will be installed w1 thin the plant 

buildings area in order to charactenze ground watcr 

flow dynarmcs 

GeoloQ-Surficialmaterialsconsistof theRocky Flats 

Alluwum, alluwal deposits in the valleys, and collu- 
vium (slope wash) The Rocky Flats Alluvium is 
topographically the highest and is the oldest of the 

alluvial depositsin thewaxutyof the plant (See Figure 

9 ) The Verdos Alluvium, Slocum Alluvium, Terrace 

Alluwum, and Recent Alluvlum (lowest channcl 

€AS1 WEST 

t.ll.1 CSOll. 1%0) 

FIGURE 9 Surface Strahgraphy 
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FIGURE 10 Geologic Cross-section in the Rocky Flats Plant Area 

d c  p o s ~ l s  )are found in thcdrainagcsand arcprimanly 

rcworhcul Rocky Flats Alluvium with the addition of 

some bedrock matcnal The Rocky Flats Alluvium is  

comprird of poorly sortcd Quaternary deposits of 

wid,  gra\eI and cobblcs withina claymatnx It hasa 

v,irviiig thichncss due to thc undcrlying undulating 

bcdrock surface The thickest portion occurs on the 

west side of the plant (up to 100 fect) and it is thinnest 

to noiicxistcnt on the cast cdgc of the plant 

Bcd rock at t hc Rocky Flats Plant is comprised of two 

poorly indurated fluvial formationsof Cretaceous age 

- Ihct Arapahoe Formation (Ka), which is immcdiatcly 

bcncath thc 3% acre sccurity-fcnccd area of the plant, 

and thc upper Ltramic Formation (Klu) which undcr- 

lics the west buffer zonc (SCC F i p r c  70 1 The Ara- 

pihoe coiiusts of fluvial claystoncs with intcrbcdded 

disconhnuous lcnticular siindstoncs and siltstoncs 

Wca thcnng has pcnetra tcd t hc bedrock 1 0-4 0 ku.1 bclt>w 

the surhcial matcnal Thc Laramic Fonnahon can bc 

scparatcd into two gcologcal units Thc upper Lar- 

amic consists pnmanly of fluvial claystone with dis- 

conhnuous thin sandstone lenses The lower Laramic 

is compnscd of sandstones and siltstoncs with iiitcr- 

bedded claystones Dircctly under the plant, bot), for- 

ma tions dip approximatcly seven dcgrces castwwd 

toward thc Denver Basin 

I 

I 
I 
I 

HvdroPmlotzy-7’hercarcc - basically two hjdraulically 

connected ground water flow systems at the R o c A \ -  

Flats Plant These occur in thc Rocky Flats Alluvium 

and other surficial materials (including \ dlcy fill  

materials), and 111 thc bcdrock, primarily thc claw 

stones and sandstones of thc Arapdhoc Formation 
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Thc shallow ground water flow system occurs in the 

Rocky Flats Alluvium and other surhcial matenals 

undcrunconhncd condihons Thissystcmisrechargcd 

by infiltration from incident precipitation, creeks, 

ponds, surface wa tcr diversioncanalsand sprayevapo- 

ration/imgation systems Monthly water level meas- 

urements show this system to be quite dynamic, with 

largc fluctuations in water tableelevationsin response 

to scasonal and other stresses Large areas of little or 

no saturatcd conditions exist in thc allumal systems 

Flow direction of water in the alluvial system gener- 

ally follows topography, to thceast and toward drain- 

ages In addition, water flow direchons are controlled 

by thc topography of the bedrock surface beneath the 

surficial matcnals Ground water discharges to the 

surface environment through evapotranspiration and 

bascflow to spnngs and stream channels. 
;P 

Thc mapnty of the ground water movement in the 

Arapahoc Formahon occurs in the sandstone lenses 

Rcchargc to the sandstone lenses occurs where they 

arc in direct contact with thealluvium (subcrop areas) 

or by Icakage through the weathered claystone Ground 

wa tcr flow is castcrly to an area of discharge along the 

South Platte River, in the general area near Fort L u p  

ton, Colorado 

Sampling and Analvsis 

Quartcrly sampling was conducted for selected pre- 

1986 wells and all of the wells constructed through 

1986 and 1987 A total of 159 monitonng wells are 

currently sampled quarterly (Figure 11) Ground 

watcr quality parameters analyzcd in 1988 arc shown 

in Table 16 All of the third and fourth quarter data 

wcrc not available during prcparation of this rcport 

Duc to theamount of datainvolved,only thoscvolatile 

organic compounds (VOCs), inorganic compounds, 

metalsand radionuclidesmost prevalent a t each RCRA 

and CERCLAsitearepresented Complcted analytical 

results for these parameters are found in the 1988 

annual RCRA ground water monitonng report for 

regulated units at Rocky Flats Plant (RI89) and the 

Remedial Inveshgation reports for the 903 Pad and 881 

Hillside areas (RI87, FUSS) 

The results of ground water sampling and analyses, 

including the range of 1988 concentrahons from avail- 

able data and plume migrahon for each of the regu- 

lated units at the Rocky Flats Plant are discussed 

below The areal extent of contamination is dcpictcd 

by themost mobilecontaminant -1nmostcaxsnitrate 

The locahon of the contaminated plumes is shown in 

Figure 12 

Data Analvsis- RCRA Units 

Ground water quality data indicate that VOC and 

nitrate contaminahon exists in the a h m u m  of several 

areas Theextent of plumemigrahon foreachconstitu- 

ent is well within the plant boundary (Figures 11 and 

12) Themost prevalent VOC, tnchloroethylcne (TCE) 

is present in the alluvlum beneath and adjacent to the 

solar ponds at concentrations as high as 8,000 pg/I 

(For the purposes of this report, 1 pg/l is approxi- 

mately equivalent to 1 ppb and 1 mg/l is approxi- 

mately equivalent to 1 ppm Nitrate concentrations 

SI 
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bcnca th and adpcent to the solar ponds ranged from a 

background conccntrahon of 1 5 mg/l to 12,10Omg/l 

Total Uranium concentrahons in the vlcimty of the 

Solar Ponds ranged from a background concentrabon 

of 2 42 pCi/I to 358 pCi/1(8 95 x lo-' Bq/l to 13 2 Bq/ 
I) Tnhum concentrabons ranged from a background 

concentrahon of 593 pCi/1 to 9,000 @/1(219 Bq/l to 

333 &/I) The general pattern of hgher concentra- 

tions (Figure 12) decreases rapidly away from the 

ponds in a north easterly direction 

Thcre are currently no conclusive indicahonsof degra- 

dation of bedrock ground water quality by the Solar 

Ponds, with the exception of uranium and nitrate 

dircctly beneath the ponds (RI89) 

Results of ground water quality inveshgahons at the 

Wcst Spray Field Area indicate a modest increase in 

above-background nitrateconccntrahonsbeneath and 

immediatcly upgradient of the unit VOCs are not 

present in detcctableconcentrationsat the West Spray 

Fields Nitratcconcentrahons beneath and adpcent to 

thc Wcst Spray Field range from a background concen- 

trahon of 1.5 mg/l to 67 mg/l Total uraruum concen- 

trahons range from 0 4 to 12 8 pCi/1(15 X lo-' Bq/l to 

4 7 X lo-' &/I) Figure 12 indicates that the higher 

conccntrationsof nih-atesare mtlun theboundmesof 

thc West Spray Field 

- 

Thcrc is no indication of contaminant mgrahon in the 

bcdrock beneath or adjacent to the West Spray Field 

(R189) 

Rcsultsof ground watcr quality analyses in the arca of 

the present Landfill indicate that thc Landfill may be a 

source of elevated sulfate, bicarbonate and total stron- 

hum to the adpcent alluvlal ground water However, 

the contamnant plume is largely confined WI thin the 

landfill proper VoCs are not present beneath or 

adpcent to thepresenthndfill Sulfateconccntrations 

beneath and adpcent to the present Landfill ranged 

from a background concentrahon of 27 mg/l to 4600 

mg/l Strontium concentrahons ranged from 016 

mg/l to 9 46 mg/l Uranium concentrahons ranged 

from a background concentrabon of 28 pCi/l to 7 4 

pCi/1(105 X lo-' Bq/l to 2 7 X lo-' Bq/l) The extent 

of plume migration for the abovc constitucnts is well 

within the plant boundary as shown on Figure 12 A 

radioactive isotope of strontium (Sr-90) was analyzcd 

for in 1987and found tobeaninsignificant contnbutor 

to the total strontium concentrahons 

t 

I 

I 

I 

If 

Data Analvses - CERCLA 1 

4 
i 
E 

Ground waterqualitydata indicate that VOCcontam- 

nation exists in the alluvlum of each of the high pnonty 

remedial mveshgahon (RI) arcas The extcnt of plume 

i 

1 
I t  

mgrationof the mapr contamnants is well wthin the 

plant boundary,asindicated inFigures 11 andl2. Due 

to the close proximty of some areas to each other, the 
contaxrunahon converges in several locations Rela- I /  , 
hve concentrations of the mapr contaminants in the 

three RI areas dunng 1988 are discussed bclow 

At the 881 Hillside Area, the most prevalcnt VOC, 
tnchloroethylene (TCE) IS present at conccntrahons 
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ranging up to 15,500 pg/l Nitrate concentrations 

range from below detectable to 61 7 mg/l 

Uranium-238 concentrations range frombelow detect- 

cihlc to 24 pCi/1 (below detectable to 8 9 X 10’ Bq/U 

Tntium concentrations are generally less than 220 

pCi/1(8 1 I3q/l) Plume migrahon in the alluvium at 

thc 881 Hillside Area is generally isolated at a site 
which was historically uscd for drum storage (Figure 

11 1 Bedrock ground water in the mcinity of the 881 
Hillside Arca docsnot appear tobeaffectedby alluwal 

plume migrahon beneath that area 

Rcsultsofground watcrqualityanalysesat theMound 

and East Trcnchcs Areas indicate moderate TCE con- 

ccntrahons extcnding eastward from the mound area 

to thc cast of thc East Tenches Area (Figure 12) Tlus 

plume cxtcnds to apprommately 5500 feet (1700 me- 
tcrs) wcst of Indiana Strcct (within DOE property) 

TCE conccntrations in this area range from below 

dctcctable to 221,860 pg/l Nitrate concentrations in 

this arca range from lcss than 0 02 to 9 92 mg/l Ura- 

nium-238 concentrahons range from 0 6 to 2 1 pCi/I 

(2 3 X lo-* to 7 8 X Bq/l) Tritium concentrations 

wcrc all less than 220 pCi/l(8 1 &/I) 

Bcdrock ground water in the vlanity of the East 

Trcnchcs appears to have an elevated concentration of 

VOCs, indicating a downward migration of the con- 

taminant plumc from the Mound and East Trenches 

Arcas 

Analysis of ground water quality data from the 903 

pad arca indicates that VOC contaminahon including 

tetrachlorocthylcne(PCE)and TCEcontaminationhave 

alimitcdlateral extcnt in thealluvium TCEconccntra- 

tions range from bclow detectable to ll,OOOpg/l PCE 

concentrations range from below dctcctable to 212 

pg/l Nitrateconcentrations in the 903 Pad Arca range 

from less than 0 02 mg/l to 5 91 mg/l Uranium-238 

concentrations rangcd from 0 12 to 28 pCi/1 (4 4 X 

lo” to 1 0 &/I) Tntium concentrahons rangcd from 

less than 210 pCi/1 to 370 p C i / I  (7 8 to 14 &/I) 

Figurel2indicates that plumemigrationin the903Pad 

Area has a limited lateral extent, i e , no closcr than 

approximately 1 6kilometer (one-mle) from theplant‘s 

eastern boundary - Bedrock to the southwest of the 903 

Pad contains elevated PCE, TCE and Uranium-238 

Thc concentrations of VOC in the sandstones of the 

bedrock indicate that these sandstones are bcing re- 
charged by the overlymg alluvium which contains 

higher VOCs in the 903 Pad Area 

I 

Future Moni tonng 

Ground water moni tonng will continue on a quartcrly 

basis for 1989 Analytical parameters are gvcn in 

Table 16 Monthly water lcvel measurementsalso will 

conhnue in order to better charactenze flow patterns 

Additional phases of the remedial inveshgations for 

the medium pnonty sites will begn in 1989 Invcstiga- 

tions for RCRA Closure activihes will begm in the 

spnng of 1989 Remedial Investigahons of the low 

pnority sites will begn in the autumn of 1989 Thcsc 

inveshgations will further assess the facility’s impact 

on theground water systems Feasibility studies havc 

inihated the development and sclcction of cffcctivc 
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corrcchvc action measures for the high prionty areas 

Construchon of faalihes to be used for correctwe 

actions, such as water treatment systems,currently is 
proposed to begn as early as the fall of 1989 

Rcgonal water monitonng includes sampling and 

analysis of public water supplies and tap water from 

several surrounding communities However, only 

Great Western Reservoir and Standley Lake, of the 

regional water supplies, receive runoff from Rocky 

Flats Plant drainage systems (Figure 4) The Rocky 

Rats contributions to radionuclides in regional water 

supplics through airborne emissions were eshmated 

in the Plant Environmental Impact Statement (US8Oa) 

Thew contnbuhons were negligble compared to 

contribuhons from fallout and natural background 

Water samples were collected weekly dunng 1988 

from Great Western Reservoir, a water supply for the 

City of Broomfield, and from Standley Lake, a water 

supply for the City of Westminster and porhons of the 

Cities of Thornton and Northglenn The weekly 

samples were cornposited into a monthly sample, and 

analyses were performed for plutonium, uranium, 

and amenaumconcentrahons Tnhumanalyseswere 

conducted on weekly grab samples Annual grab 
samples were also collected from three regonal reser- 

voirs (Ralston, bllon, and Boulder) and the South 

Boulder Diverson Canal at distances rangng from 1 6 

to 96 lalometers (1 to 60 miles) from the plant These 

samples were collected to de temne background data 

for plutonium, uranium, amenaum, and trihum in 

water. These data are presented in Tables 17 and 18 

Drinlang water from Boulder, Broomfield, and Wcst- 

minster was collected weekly, preserved, cornposited 

monthly, and analyzed for plutonium, uranium, and 

amenciurn Tnbum analyses were performcd on 
weekly grab samples. Quarterly grab samples of tap 

water were collected from the communi hes of Arvada, 

Denver, Golden, Lafayette, Louisville, and Thomton 

Samples were analyzed for plutonium, uranium, 

amenaum, and tnhum These data are presented in 

Tables 17and 18 

Evaluahonof the regsonal reservoir and dnnking water 

data indicates no unusual trends or results The pluto- 

nium, uranium, amenaum, and tntium concentra- 

tions for the regonal reservoirs represented a small 

frachon (0 4 percent or less) of the DOE Dcnved Con- 

centrabon Guides (DCGs) The average plutonium 

concentration in Great Western Reservoir was 0 004 X 

pCi/ml(15 X lo4 Bq/l) This value is in the range 

of concentrations predicted for Great Western Reser- 

voir in the Plant Environmental Impact Statement 

(US80a) The values gven in the Enwronmental Im- 

pact Statement are based on known low-level pluto- 

nium concentrations in the reservoir sediments Re- 
sults of the 1988 plutonium, uranium, amcncium, and 
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TABLE 17 Plutonium and Uranium Concentrations 
in Public Water Supplies 

Number of 
Locat ion Analyses 

Reservoir 

Dillon 
Great Western 

South Boulder 
' Diversion Canal 
, Standley 

1 :rvada 
1 Boulder 

Denver 
Golden 
Lafayette 
Louisville 
Thornton 
Westminster 
Reservoir 

Boulder 
Dillon 
Great Western 
Ralston 
South Boulder 

Standley 
Drinkina Water 

Arvada 
Boulder 
Broomfield 
Denver 
Golden 
Lafayette 
Louisville 
Thornton 
Westminster 

I Boulder 

1 Ralston 

rinkina Water 

Diversion Canal 

1 
1 
12 
1 

1 
12 

4 
12 
12 
4 
4 
4 
4 
4 
12 

1 
1 
12 
1 

1 
12 

4 
12 
12 
4 
4 
4 
4 
4 
12 

6, 

minimuma maximuma meana 
Plutonium Concentration (X p ~ ~ r n ~ ) ~  

0004 f 0029' 0004 f 0029' 0004 f 002gd 
-0005 f 0028 -0005 f 0028 -0005 f 0028 
-0003 f 0007 002 003 0004 f 003 
0025 f 0033 0026 f 0033 0026 f 0033 

-0003 0028 -0003 f 0028 -0003 f 0028 
-0004 S. 0006 006 004 0005 f 0016 

-0 018 
-0 002 
-0 01 
-0 013 
-0 005 
-0 012 
-0 005 
0 002 

-0 02 

f 0028' 
f 0003 
f 003 
f 0029 
f 0028 
f 0026 
f 0030 
f 0027 
f 003 

0 10 
0 009 
0 06 
0 06 
0 008 
0 02 
0 014 
0 05 
0 018 

f 0029' 
f 0008 
f 003 
f 004 
f 0029 
f 0030 

0031 
f 004 
f 009 

-0 002 
0 000 
0 01 
0 008 
-0 001 
-0 004 
0 005 
0 019 
0 00 

002gd 
f 0011 
f 002 
f 003 
f 003 
f 0029 
f 003 

003 
f 001 

Uranium Concentration (X lo8 pCVml)' 

04 f 01' 04 01' 04 f Old 
05 f 01 05 f. 01 05 f 01 
02 f 01 36 f 03 205 f 022 
09 f 01 09 f 01 09 f 01 

0 5  f 0 1  0 5  f 0 1  05 f 01 
10 f 01 28 02 18 f 02 

-009 f 009' 
-003 f 009 
05 f 02 
024 5 008 

009 f 007 
008 009 
17 f 02 
030 f 009 

039 ooa 

057 f 012' 
0 5  f. 02 023 f 011 
26 f 02 117 f 015 
19 f 02 092 f 014 
21 f 02 112 f 015 
024 f 011 017 f 009 
028 f 009 013 f 012 
33 f 03 187 f 021 
14 f 01 062 f 013 

039 f 014d 

Percent of 
DCG 

0 01 
0 
0 01 
0 09 

0 
0 02 

0 
0 
0 03 
0 03 
0 
0 
0 02 
0 06 
0 

0 08 
01 
0 41 
02 

01 
0 36 

0 08 
0 05 
0 23 
0 18 
0 22 
0 03 
0 03 
0 37 
0 12 

a minimum = minimum measured concentration, 

mean = mean measured concentration 

maximum P maxlmum measured concentration, 

b Radiochemically determined as plutonium -239 and -240 The calculated Derived Concentration Guide (DCG) for 
plutonium in water available to members of the public is 30 X 10 pCilml (See Appendix A ) 

c Calculated as 1 96 standard deviations of the individual measurements 
d Calculated as 1 96 standard deviations of the mean 
e Radiochemically determined as uranium -233, -234, and -238 The calculated Derived Concentration Guide (DCG) for 

uranium in water available to members of the public is 500 X 10 p C h l  (See Appendix A ) 

3 
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TABLE 18 Americium and Tritium Concentrations 
in Public Water Supplies 

Number of 
Locat ion Analvses 
IbQaek 
Boulder 
Dillon 
Great Western 
Ralston 
South Boulder 

Standley 

Arvada 
Boulder 
Broomf ield 
Denver 
Golden 
Laf ayette 
Louisville 
Thornton 
Westminster 
Peservoic 
Boulder 
Dillon 
Great Western 
Ralston 
South Boulder 

Standley 
Prinklna Water 

Arvada 
Bo u Ide r 
Broomfield 
Denver 
Golden 
Lafayette 
Louisville 
Thornton 
Westminster 

Diversion Canal 

l2cMmMm 

Diversion Canal 

1 
1 

12 
1 

1 
12 

4 
12 
12 
4 
4 
4 
4 
4 

12 

f 
1 

48 
f 

f 
48 

4 
12 
12 
4 
4 
4 
4 
4 

12 

minimum' maximuma meana 
Americium Concentration (X lVB pCVml)b 

0015 0026' 0015 0026' 0015 fO026* 
-0005 f 0028 -0005 2 0026 -0005 i o 0 2 6  
-0004 f 0005 0011 f 0007 0003 fO008 
0002 2 0025 0002 f 0025 0002 2 0 0 2 5  

-0016 2 0022 -0016 2 0022 -0016 2 0 0 2 2  
-0001 f 0006 002 003 0007 2 0 0 1  

-0 008 
-0 002 
-0 001 
-0 005 
-0 009 
-0 014 
0 016 
0 000 

-0 004 

f 002' 0018 2 0030' 0002 
f 0005 002 f 0007 0 003 
2 0006 0017 f 0008 0 006 
f 0023 0004 0025 -0001 
f 002 0003 f 0025 -0004 
2 0022 0021 f 0025 -0002 

f 0024 0060 f 0032 0 026 
f 0005 0025 f 0008 0 005 
Tritium Concentration (X lug pCWmi)' 

f 0022 -0005 f 0023 -0009 

2 0 024d 
f 0 06 
2 0 0 1  
f 003 
f 004 
A002 
f 0 02 
f 0 02 
f 0 006 

227 f 521' 227 f 521' 
-960 f 280 730 f. 590 

-740 f 290 1380 f 520 

-340 f 260' 
-610 f 530 
-500 f 420 
-410 2 520 
-400 f 260 
-250 f 260 
-280 2 520 
-300 2 260 
-700 f 290 

310 f 540' 
600 f 600 
640 f 610 

10 f 520 
300 2 540 
30 300 
90 2 520 

150 f 530 
740 2 600 

227 521d 
-30 2 120 

10 f 130 

-30 f 420d 
-20 f 130 
-20 f 120 

-230 f 420 
-50 2 420 
-60 420 

-130 2 420 
-50 f 420 
10 2 130 

Percent of 
DCG 

0 05 
0 
0 01 
0 007 

0 
0 02 

0 007 
0 01 
0 02 
0 
0 01 
0 
0 
0 09 
0 02 

0 01 
0 

0 0005 

0 
0 
0 
0 
0 
0 
0 
0 
0 0005 

a minimum = minimum measured concentration, maximum - maximum measured concentraton, mean = mean 
measured concentration 

b Radiochemically determined as americium 241 The interim standard calculated Derived Concentraton Guide (DCG) 
for americium in water available to members of the public is 30 X 10 pCi/ml (See Appendix A ) 

c Calculated as 1 96 standard deviations of the individual measurements 
d Calculated as 1 96 standard deviations of the mean 
e The interim standard calculated Derived Concentratlon Guide (DCG) for tritium in water available to members of the 

public is 2,000,000 X 10 pCi/ml (See Appendix A ) 
f Not analyzed 
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tntium data for dnnking water in nine communihes 

wcrc wi thin thc background range Alldnnlung water 

values wcrc 0 37perccnt or lcssof the applicable DCG 

Drinking water standards have been adopted by the 

Statc of Colorado ( C o n ,  COS11 and the Environ- 

mental Protection Agency (EPA) (US76a) for alpha- 

emitting radionuclides (excluding uramum and ra- 

don) and for trihum These standards are 15 X lo-' 
pCi/ml and 20,000 X 10.' pCi/ml(555 XlO-' Bq/l and 

740 %/I) rcspcctivcly During 1988, the sum of the 

avcragc concentrations of plutonium and amenaum 

(alpha-cmi tting radionuclides) for each commuxuty 

tap water location was o 045 x 
Bq/l) or lcss This value is 03 percent or less of the 

Statc of Colorado and EPA dnnking water standards 

for alpha activlty The average tritium concentration 

in Great Wcstcrn Rcservoir, Standley Lake, and in all 

community tap water samples was IO x 10-9 p c i / m ~  

(3 7 X lo-' %/I) or lcss That value is typical of back- 

ground tntium concentrahonsin Colorado and repre- 

scntslcss thanoncpcrcentof theStateofColoradoand 

EPA drinking water standard for tntium (C081, 
US76a 

p ~ i / m ~  (1 7 x 

Forty soil samples wcrc collected in October 1988 at 

radial intervals of approximate distances of 1 6 and 3 2 

kilometers (1 and 2 miles) from the center of the plant 

The soil samples were collected by dnvlng a 10 X 10 

cenhmeter (4 X 4 inches) cuthng tool 5 ccnhmeters (2 
inches) into undisturbed soil (R088) The soil sample 

within the tool cavity was collected and placed into a 

new onegallon metal can Five subsamples wcrc 

collected from thecorners and center of two one-meter 

squares, which were spaced one meter apart Each set 
of ten subsamples was composited for the plutonium 

radiochemical analysis 

The1988soil plutoniumdataaresummanzed inTable 

19 and displayed on Figure 13 The concentrahons of 

soil plutonium at the 1 6  kilometer (I mile) distance 

from the plant center ranged from 0 02 to 10 6 pCi/g 

(0 74 to 391 Bq/kg) The concentrations of soil pluto- 

nium for the 3 2 kilometer (2 mile) samples ranged 

from 0 02 to 7 12 pCi/g (0 74 to 263 Bq/kg) The maxi- 

mum plutonium values were found in the soil samples 

from the eastern porhon of the 6550 acre buffer zone 

These sample locations are east and southeast (gener- 

ally downwnd) of the m a p  source of plutonium 

contaminahon, the 903 Pad Area The plutonium 

concentrahons measured in 1988 were similar to the 

values measured since 1984 Data for 1985,1986 and 

1987 are included in Table 19 for comparison Figure 

14 hasbeen included to identify thesampling locations 

by number Vanability in concentrahons from year to 

year for sampling at the same site is to bc expected 

Samplesare collected from the area around a sampling 

location, never more than 100 feet from the located 

sampling point To sample the same location exactly 

from year to year IS not desirable, since that locahon 
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Locahon 
1-018 
1-036 
1-054 
1-072 
1-090 
’1-108 
I -126 
1-144 
1-1 62 
1-1 80 
1-1 98 
1-216 
1-234 
1-252 
1-270 
1-288 
1-306 
1-324 
1-342 
1-360 
2-018 
2-036 
2-054 
2-072 
2-090 
2-1 08 
2-1 26 
2-144 
2-162 
2-1 80 
2-1 98 
2-216 
2-234 
2-252 
2-270 
2-288 
2-306 
2-324 
2-342 
2-360 

Table 19 Plutonium Concentrationa In Rocky Flats Area Soil 

Samplesb at One and Two Milcs from the Plant Center, 1985-1988 

1985 
Pu(pcl/g)c 
0 15 + 0 02d 
008+001 
0 02 + 0 01 
032+003 
1 0  +009 

130 + 1 3  
1 9  2 0 1 7  
032+003 
010+001 
006+001 
016+002 
0 05 + 0 01 
005+001 
014+002 
0 07 + 0 01 
0 05 2 0 01 
009+001 
015+002 
0 02 + 0 01 
01l+001 
004+001 
0 02 + 0 01 
0 03 + 0 01 
033+003 
2 5  +025 
041+004 
042+004 
004+001 
001+000 
011 2001 
0 02 5 0 01 
004+001 

004+001 
004+001 
004+001 
006+001 
004_rOO1  

009+001 

005+001 

013+001 

1986 
Pu (pC1/gY 
015+002 
O10+002 
004+001 
063+006 
7 4  +062 

150 5 1 4  
1 9  5018 
0 27 + 0 02 
008+001 
006+001 
016+002 
0 10 + 0 01 
004+001 
Oll+001 
008+001 
0 05 2 0 01 
017+002 
021 2002  
0 03 + 0 01 
0 19 + 0 02 
003+001 
0 07 + 0 01 
005+001 
023+002 
5 3  +048 
046+004 
0 4 4 + 0 8  
0 0 4 ~ 0 0 1  
0 02 + 0 01 
004+001 
008+001 
006+001 
005&001 
0 07 + 0 01 
006+001 
0 05 5 0 01 
002+001 
009+001 
012+001 
0 05 5 0 01 

1987 
Pu (pC1/gY 

018 +002 
006 2001  
004 2001 
051 +005 
705 2077 
237 +021 
275 +028 
036 5004 
017 +OM 
010 +001 
021 roo2  
016 2002 
005 +001 
021 +om 
009 +001 
006 5001 
021 +003 
024 +003 
003 2 0 0 1  
016 +002 
004 +001 
0 10 2 0  01 
010 +001 
036 2004 
448 +OS2 
057 2006 
040 +004 
008 ~ 0 0 1  
003 2001 
003 2001 
014 2002  
007 2001 
007 2001 
006 + O O l ’  
OM 2001 
013 5002 
008 +001 
008 2001 
014 +002 
008 t o 0 1  

a Not blank corrcctcd 
b Samplcd to a depth of 5 cm 
c Concentrations are for the fraction of soil measuring less than 2mm in 

diameter 
d Error term represents 2 standard deviations 

1988 

OlO+001 
088+001 
0 03 +O 01 
037+ 0 04 

106 5098  
104 2094 
1.55+014 

Pu (pC1/gY 

0 20 + 0 02 
009+001 
006&001 
0 10 2 0 01 
0 05 + 0 01 
005+001 
009+001 
007+001 
0 03 2 0 01 
012+001 
0162002 
002+001 
0122002 
002+000 
007+001 
0 03 rt 0 01 
011 2001 
7.12 + 0 67 
047+005 
0 03 2 0 01 
035+003 
0 02 2 0 01 
003+001 
010+001 
0 07 & 0 01 
003+001 
004+001 
006+001 
007+001 
002+000 
0 14 2 0 02 
0 10 + 0 01 
0 05 + 0 01 
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would have been disturbed by the prevlous years 

sampling Since the sampling fromyear toyear is from 

slightly different locations, the effects of non-uruform 

deposition by wnd, redistribuhon of plutonium by 

erosion or faunal activities, and sampling and analyb- 

cal error will all contribute to vanability 

1 PLANT BOUNDARY 

0 0  
002 012 Go 

0 0 
0.16 

0 0 

0.88 

037 
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006 PUNT 

10 1 

0.04 

I 
0.03 

1 HIIo 
O- 

SCALE 

11 

11 

A1 

O C 3  

I 
t 

il 

1 

Soil Sample Collechon 

FIGURE 13 Plutonium Concentrations in Soil 
(Values in Picocunes Per Gram) 
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I 

FIGURE 14 Soil Sampling Locahons 

Thermoluminescent dosimeters (TLDs) are used to 

measure external penetrattng gamma radiahon expo- 

sure at 46 locahons on and off the plantsite Replicate 

TLDS are located at each site All TLDs are enwron- 

mentally exposed for three months The TLDs are 

placed at 18 locations withn the 384 acre property 

enclosed by the secunty fence Measurements are also 

made at 16 penmeter locahons three to six lulomcters 

(two to four mles) from the plant and in 12 communi- 

heslocated wthin50lulometers(30rmles)of thc plant 

The TLDs are placed at a height of one meter (three 

feet) above ground level. 

Dunng 1983, converslon from a Harshaw TLD system 

to a Panasoruc system wasiruhated For one complete 

calendar year, two TLDs of each type were used at 

each monitonng locabon BegInmng in 1984, only the 

Panasonic TLDs were used 

The environmental TLDs consist of two Panasoruc 802 

dosimeters, eachof whchhas fourelements Only one 



\ 

57 

\ 

5. Monitoring Data 

TABLE 20 Environmental Thermoluminescent Dosimeter Measurcments 

Mean Annual 95% Confidence 95% Confidcnce 
Location Number of Number of Measured Dose Interval on the Interval on an Indimdual 
Category Locahons Measurements (mrem) Mean (mreml' Measurement (mremIb 

Onsite 18 109 154 +4 - + 47 

Pcnmetcr 16 87 128 - + 2  - + 19 

Community 12 68 155 - + 4  - + 37 

a 
b 

Calculated as 1 96 standard dewations of the mean 
Calculatcd as 1 96 standard dewahons of the indiwdual measurements 

of theelemcntsofeachdosimeterisused Thselement 

consistsof calciumsulfate,thuliumdnfted (CasO, Tm) 

dcpsitcd on a polymid surface The phosphor is 

covered with a clear teflon, and backed wth an 

opaquc ABS plashc TheTLDs are packaged in a small 

plastic bag, a papcr envelope, and another plastic bag 

to protect them from the weather Total filtrahonover 

the phosphor IS 1785 mg/an2 

Thccnvlronmental dosimeters havebeen indiwdually 

calibrated (three times each) against an onsite Cs-137 

gamma calibrahon source Calibration lineanty stud- 

ies havc confirmed that TLD response is linear for 

exposure levels rangng from 10 mrem to 10oO mrem 

Thc mean calibration factor for each dosimeter is 

applied to measurements taken with that dosimeter 

Anadditional correctionisapplied tocorrectfordayto 

day variahons in reader calibration 

It wasdetermined thatastatishcallysignificant (p=O 05) 

difference in response exists between the Harshaw 

environmental monitonng system used pnor to 1984, 

and the Panasonic cnvironmcntal moni tonng systems 

uscd begnning in 1984 In order to compare the 1988 

values wth the previously reportcd Harshaw data, it 

is necessary to mulhply the Panasonic results gven in 

Table 20 by 1 046 

The annual dose equivalent for each location category 

wascalculated by detemning theaverage mrem/day 

for each of the three categones using data from the 

four quarters in 1988 These values were then mulh- 

plied by 365 25 to obtain yearly totals 

In previous Annual Reports, the Annual Measured 

Dose was reported with a 95 percent confidence intcr- 

val on the mean using the standard error of the mean, 
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calculatcd from thc vanance of the individual meas- 

ured valucs &ginning in 1985, the 95 percent confi- 

dcncc intcrval on an individual observahon withn 

each location category - calculated as 196 standard 

dcviahons - was added to the report "Ius latter 

in tcrval may be used for assessing the vanability of the 

individual locahon measurements wthin a locabon 

catcgory 

Thc 1988 cnvlronmental measurements using TLDs 

arc summarized in Table 20 The average annual dose 

cquivalcnts, as measured onsrte, in the penmeter 

environs, and in communihes, were 154,128, and 155 

mrem (1.54 1 28, and 155 d v ) ,  respectively These 
values arc indicahvc of background gamma radiahon 

In the arca 

. ^. -1 



6 
ASSESSMENT OF 
POTENTIAL PLANT 
CONTRIBUTION TO 
PUBLIC RADIATION DOSE 

In August 1985, the Department of Energy (DOE) 
adopted an intenm radiahon protechon standard for 

DOE cnvironmental actiwhes to be implemented in 

CY1985 (Va85) This intenm standard incorporates 

guidance from the Nahonal Counal on Radiahon 

Protection and Measurements (NCRP), as well as the 

Environmental Protection Agency Clean Air Act a n  

cmission standards as implemented in 40 CFR 61, 

Subpart H (US83, Us851 Included in the intenm 

standard is a remion of the radiation dose limts for 

protcctionof thepublic for DOE facilities In July, 1988, 

DOE published radiahondoseconversionfactors tobe 

used for calculating dose from intakes of radioachve 

matcrials and from exposure to external penetrating 

radiahon resulting from air and water immersion and 

ground dcposi hon (US88a, US88b) The internal dose 

factors are based on the Internahonal Comnussion on 

Radiologcal Protection (ICRP) Publications 30 and 48 

methodology for radiahon dosimetry The DOE in- 

tcnm standard and the dose conversion factor tables 

have been used in this 1988 “Annual Site Enwron- 

mental Monitonng Report” for assessment of the po- 
tcnhal Rocky Flats Plant contnbuhon to public radia- 

tion dose As in past Annual Reports, the dose limits 

and dose conversion factors used are speafied, and 

cornpansons can be made wth informahon in past 

Annual Reports to determine the magnitude of the 

changes 

Potenhal public radiabon dose commitments, which 

could have resulted fromplant operations, werecalcu- 

lated from average radionuclide concentrahons meas- 

ured at the DOE property boundary and in surround- 

ing communities Inhdahon, water ingeshon, and - to 

a much lesser extent - ground-plane irradiation are the 

pnnapal pathways of exposure Swimmng and con- 

sumphon of foodstuffs are insignificant pathways 

This latter finding is to be expected because of limted 

swmmtng and fishng in the area and because most 

locally consumed food is produced at considerable 

distances from the plant 

The dose assessment for 1988 was conducted for sev- 

eral locahons the Rocky Flats Plant property (site) 

boundary, nearby communities, and sites to a distance 

of 80 hlometers (50 nules) Dose conversion factors 
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a 
b 

c 

Obtained by multiplying the percent by weight by the specdc activity 
Obtained by divlding the relative activny by the sum of the relative activties for the plutonium 
alpha emitters 
The value for Am-241 is taken to be 20% of the plutonium alpha activity 

uwd for thc inhalation and water ingestion, and 

ground-plane irrddiahon pathways were from the 

tahlcs providcd by DOE (UStBa, US88b) The relative 

abundanccs of plutonium and amencium isotopes in 

plutonium uscd at Rocky Flats Plant (shown in Table 

21 1 wcrc uscd to calculate composite dose conversion 
I factors for plutonium The frachons of ingested radi- 

onuclides that are absorbed from the gastro-mteshnal 

tract and the lung clearance classes for inhaled radi- 

onuclidcs were chosen to maxirmze the assoaated 

dosc conversion factors The inhalahon rate of 2 66 x 

104 m3/s and thc water ingestion rate of 2 liters (2 1 

quarts) pcr day were derived from data for the ICRP 

rcfcwncc man and wcrc included in the factors (In751 

Each of thcsc dose conversion factors is for a 50-year 

dose commitrncnt from one year of chronic exposure 

The dose conversion factors used in this report are 

listed in Table 22 

Plutonium and amencium m the Rocky Flats enwrons 

are the combined result of residual fallout deposihon 

from global atmospheric nuclear weapons testing and 

past releases from the plant Uranium, a naturally 

occumng element, is indigenous to many parts of 
Colorado and also is used in plant operations in vari- 

TABLE 21 Isotopic Composition of Plutonium Used at Rocky FlatsPlant (US80a) 

Relative Weght Specdic Activrty Relative Activltya Fractton of Pu Alpha 

Isotope (Percent) (Cim ( C W  Activityb 

PU-238 0 01 17 1 0 00171 0 0233 
Pu-239 93 79 0 0622 0 05834 0 7962 
Pu-240 5 80 0 228 0 01322 0 1804 
Pu-241 0 36 103 5' 0 37260' 5 085' 
Pu-242 0 03 0 00393 1 18 x l o 4  I 61 x105 
Am-24 1 - 0 2OC 

' Beta Activlty 
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Table 22 Dose Conversion Factors Used in Dose Assessment Calculations 

Inhalaton lam. 0 microcurie 

Pu-239.-240 
QKm 
Effective Dose 

Equivalent 5 71 X lo1* 
Liver 2 22 x 
Bone Surfaces 1 04 x 
Lung 1 08 x 

Pu-239. -744 
Qm!l 
Et! ecttve Dose 

Equivalent 3 53 X lo6 

Liver 132X lo7 
Bone Surfaces 642X 10’ 

Lung (f) 

Am-241 

329X106 

1 2 4 X  10’ 

s 91 x 107 

(f) 

(*-Id microcurie 

Pu-739.-240 

Ground-Plane Irradiation 

QUu 

Equivalent 4 80 X 

Bone Surfaces 1 62 X 

Effective Dose 

Liver 453X106 

Lung 9 78 X lo8  

11-733. -734. -238 

190X lo5  

(e) 

(1) 

2 99 X lo6  

Am-241 

2 99 X 

1 7 8 X  lo9 
3 69 X lo3 
201 x lo9 

a Inhalation and water ingeshon dose conversion factors were adopted from DOEiEH-0071 (USSSb) and are for a 50-year dose 
commitment penod and a 1 pm Acbvlty Median Aerodynamic Diameter (AMAD) pamcle size (VA85) GI absorption fractions 
and lung clearance classes were chosen to maximize the dose conversion factors 

2 An inhalation rate of 2 66 X 10 mVs for 1 year was assumed 
3 A water intake rate of 2 X 10 ml(2 1 quarts) per day for 1 year was assumed 

Ground plane irradiabon dose conversion factors were adopted from DOUEH-0070 (US86a) For Pu-239, -240, the higher of 
the factors for the two isotopes was used 
The liver recieves no significant dose from this pathway 
The lung rewives no significant dose from this pathway 

b 

c 
d 

e 
f 
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ous isotopic ratios Trihum, a radionuclide formed by 

natural proccsscs, also is associated wth  plant opera- 

tions 

lnhalation source tcrms for the 1988 dose assessment 
wcrc based on plutonium-239 and -240 concentrations 

mcasurcd in ambient air samples Although it is 

known that much of this plutonium m air is from 

rcsidual fallout from past global atmosphenc weap 

ons tcsting, for the purpose of this dose assessment it 

was conscrvativcly assumed that all of the plutonium 

originatcd from thc Rocky Flats Plant The ingeshon 

sourcc tcrms wcrc b a d  on measured concentrahons 

of plutonium, amcncium, uranium, and tnhum in 

wa tcr Thcground-planc source tcrms were based on 
mcasurcd valucs of plutonium in soil and an assumed 

ratio of 020 for the americium to plutonium alpha 

activity in the soil This raho is the maximum level of 

amcncium in-growth from Rocky Hats plutonium 

(US80a) 

Thc maximum sitc-boundarydoseassessrnentassumes 
that an individual IS continuously present at the plant 

pcrimctcr, which actually is uninhabited The pluto- 

nium inhala tion sourcc term of 1 0 X lo-’’ pCi/ml(3 7 

X lo-’ B4/m3) was the maximum annual average con- 

ccntration of plutonium-239 and -240,asmeasured for 

a single location in the penmeter ambient air sampling 

nctwork 

Thc wa tcr supply for the indivldual at the site bound- 

ary was assumcd to bc Walnut Creek, which intermit- 

tently flows offsite and prowdcs the liquid effluent 

source term at the site boundary During 1988, the 

plutonium concentrahon in Walnut Creek avcraged 1 
x IO-” pci/ml(4 x IO+~/I) m e  averageamcncium 

concentration was 1 X lo-” pCi/ml (4 X 10“ Bq/l) 

These concentrahons were used as the water ingcshon 

source term for the maxlmum site boundary dose 

assessment The average concentrahon of uranium in 

Walnut Creek was 4 8 X lo-’ pCi/ml(l8 X 10” Bq/l) 

while theaverageconcentraboninincomngraw water 

was 1 6 X lo-’ pCi/ml(5 9 X Bq/l) The source 

term for uranium ingestion was the difference be- 
tween these two values t3.2 X lo” pCi/ml(12 X l(r’ 

Bq/l)l The average tritium concentration in Walnut 

Creek was less than zero and wi thin the background 

range typically measured in regonal waters Thiscon- 

centrahon of tntium is an insignificant contnbutor to 

dose Tnhum in the water was, therefore, ormttcd 

from the 1988 dose assessment 

The ground-plane irradiahon source term is based on 

themaximumplutoniuminsoildeposihonat the plant 

penmeter, as reported by the Enwonmental Mcasure- 

ments Laboratory (US70) This source term is 3 X 

pCi/m2 (1 x ~d Bq/m2) The ameriaum is 
assumed to be present at an alpha actiwty level of 20 

percent of that of the plutonium, which is the maxi- 

mum quanhty of amencium that can be prcscnt in 

Rocky Rats plutonium from the decay of plutonium- 

241 (Us8Oa) The amencium source term, therefore, IS 

conservativelyestimated tobe6X pCi/m2(2Xld 

Bq/m2) 
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L - 
TABLE 23 Radloactwlty Concentratlons Used for 1988 Dose Calculatlons 

Air Water Surface Deposltlon 
W J m l )  W J m l )  (pCi/m2) 

Commundy 5 0 X 1@18 

. 
t 

Source terms and corresponding dose commitments 

were evalua tcd for each of the surrounding communi- 

ties to determine the maximum community exposure 

Ground-plane irradiahon and water ingestion path- 

I ways were insignificant for all of the communihes 

The only significant pathway for radiahon exposure 

was inhalation of plu tonium in air The source term for 

inhalation uscd in thedoseassessment was the maxi- 

mum annual average plutonium concentrahon meas- 

ured incommunityambientair[5 OXlO-'*pCi/ml(l9 

X loe7 Bq/m3>] This concentrahon was the annual 

average concentration measured for the Supenor 

ambient air sampler 

A summary of the source terms for the maximum site 

boundary and for community locahons is tabulated in 

Table 23 

The maximum dose to an individual continuously 

present at the site boundary is based on the radionu- 

clide conccntrabons shown in Table 23, From these 

concentrahonsand the dose conversion factors in Table 

22, a %year dose c o m m e n t  of 75 X lo"' rcm (7 5 X 
lo4 Sv) is calculated as the effechve dose equivalent 

from all pathways The corresponding bone surfaces 

dose is 1 2 X lo-* rem (1 2 X IO4 Sv) The Department 

of Energy (DOE) intenm radiation protechon stan- 

dard for members of the public for prolonged penods 

of exposure is o 1 rem per year (1 x sv pcr year) 

effectivedoseequivalent Theinterim standard for the 

air pathway only is 7.5 X lo-* rem per year (7 5 X lo4 
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TABLE 24 Fdty-Year Commltted Dose Equivalent From One Year of ChronK: IntakelExposure 

Sv  pcr ycar) for any organ for internally deposited 

radionuclidcs (VA85) Thc maximum site boundary 

dosc rcprcscnts 0 75 pcrccnt of the standard for all 

pathways for the effcctive dose equivalent If all of the 

dose were rcceived from the air pathway, it would 

represent 16 pcrccnt of the air emission standard for 

any organ 

Bawd on radionuclide conccntrahons in surrounding 

conimunities (Table 231, the calculated %-year dose 

commr tnicn ts arc 2 9 x rem (2 9 x IO-'S~) effective 

dosc cquivalcnt and 5 2 X lo4 rem (5 2 X lo4 Sv) to 

bone surfaces These values represent less than 0 03 

pcrccnt of thc DOE intenm standard for effective dose 

cquivalcnt and 0 69 pcrcent of the air emission stan- 

dard for any organ 

The maximum site boundary and community 50-year 

committed dose equivalents arc summanzcd in Table 

24 The effectivedoseequivalentsmaybe compared to 

an average annual effechve dose equivalent for the 

Denver area of about 3.5 x IO-' rem (3 sx SV) from 

natural background radiahon (NA87) (See Table 25 1 
This natural background radiahon level for Denver is 

hgher than that shown for the total body in past 

Annual Reports pnor to 1985 and also higher than that 

shown for effechve dose equivalent in the 1985 and 

1986 Annual Reports The level rcflects the most recent 

assessment of natural background radiation exposure 

of the populahon of the United States by the Nahonal 

Counal on Radiahon Protechon and Measurements 

(NCRP) (NA87) It includes the significant contnbu- 

tion to effective dose equivalent from inhaled indoor 

radon, as well as the adophon of the ICRP 30 method- 

ology of radiahon dosimetry The cosmc radiahon 

and external pnmordial nuclides sources shown in 

Table 25 reflect theregonal dose levels for the Denver , 

2 9 x 1 1  X10" 52X1Ci4 5 4 x I o - ~  
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area which rcsult from Denver's hgher elevation and 

g c a  tcr concentrations of naturally-occumng radioac 

tivc ma tcrials in soil The internal pnmordial nuclides 

source includes the average dose from indoor radon 

cstrmatcd by the NCRP for the entire Uruted States 

lnvcstigations are now bang conducted to determine 

any rcgional differences in indoor radon doses that 

may cxist Once these studies are completed, the 

cstimatcs of natural background radiahon dose for the 

Dcnver area may bc modihed again to reflect indoor 

radon doscs that are specific to ths  regon 

Thc dosc commi tment for all indivlduals, to a distance 

of 80 kilomctcrs (50 miles), is based on the calculated 

maximum community dose estimates shown in Table 

24 Thc csttma tcd committed effecbvedoseequivalent 

is lcss than 1 X rem or 1 mrem (1 X lo-' Sv) Alevel 

of "I mrcm/yr" or less is speclfred as a de mzmml~ 

(inconsequential) level of exposure in the DOE Guide 

enti tlcd, "A Guide to Reducing Radiahon Exposure to 

As Low AsRcasonably Achievable (ALARA) " (US8Ob) 

Thc Guide further statcs 

"Radiation-induced mutations and 

diseascs have not been discovered in 

populations that are or have been 

exposed to doses of 100 mrcm/ycar 

or less Hence, it is reasonable to 

suggest that no hcalth cffccts wll be 
discerned if a populahon is exposcd 

to an addihonal 1 percent of the Icvel, 

i e ,  1 mrem/yr An annual dose of 1 

mrem should be regarded as a level 

which is clearly de minims " 

Based on thedemznims concept in theGuideand on the 

maximum community dose eshmates, the dose com- 

mitment for all individuals to 80 kilometers is consid- 

ered to be de minims 

The Envlronrnental Protection Agency (EPA) requires 

that approved EPA procedures be used to dcmon- 

strate compliance with its radioachvity air emissions 

standards found in 40 CFR 61, Subpart H (UsS5) At 

the wnhng of this Report, the only procedure for 

which the EPA has publishcd approval is modeling of 

radioactivlty air emssions data uslng the AIRDOS 

EPA atmosphenc dispersion/radration dose calcula- 

hon computer code. (US851 The Rocky Rats Plant is 

seeking EPA approval for using enwronmental (ambi- 

ent) sampling as the basis for demonstrahng comph- 

ance with 40 CFR 61, Subpart H This is thc procedure 

that is descnbcd above for calcula ting propcted radia- 

tion doses to the public Pending EPA approval of this 

procedure, the AIRDOS-EPA computer code also has 

been used to calculate projected radiahon doscs to the 

public as a result of air emssions of radioactive matc- 

nals from the Rocky Flats Plant The results of this 
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computer code calculationmdependently confirm that 

thcmaximumradiationdose toamemberof thepublic 

as a result of exposure to airborne radioachvity from 

the Rocky Flats Plant In 1988 IS less than 1 mrem 

cffcctivc dose equivalent 

TABLE 25 Estimated Annual Natural 
Background RadiationDose for 

the Denver Metropoldan Area (NA87) 

Effective Dose 
Equtvalent 

Source (rem) 

Cosmic Radiation 0 050 
Cosmogenic Nuclides 0 001 
Primordial Nucltdes-External 0 063 
Primordial Nuclides-Internal 0 239 

Total for One Year (rounded) 0 35 
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APPLICABLE GUIDES I 

I AND STANDARDS 
I 

The Rocky Flats Plant Environmental Monitoring 

Program evaluates plant compliance wth all appli- 

cable guides, limits, and standards. Guide values and 

standards for radionuclides in ambient air and water- 

borne cfflucn ts have been adopted by the Department 

of Energy (DOE), the Colorado Department of Health, 

and (for the air pathway only) by the Environmental 

Protcclion Agcncy (EPA) (VAS, CO78, U S )  The 
gurdcs arc bascd on recommendations published by 

thc In tcrna tional Commission on Radiologcal Protec- 

tion (ICRP) and the Nahonal Counal on Radiation 

Protcction and Mcasurements (NCRP) Ambient air 

data for nonradioactive parameters has been collected 

at Rocky Flats for companson to the cntena pollutants 

listed under the EPA Nahonal Ambient Air Quality 

Standards, cstablished by the Clean Air Act. (US8lb) 

lnst rumen ta tion and methodology follow rcquirements 

cstablishcd by EPA in the Quality Assurance Hand- 

book for Air Pollu tion Measurement Systems (US76b) 

Limits for nonradioactive pollutants in effluent water 

have bcen dcfined by an EPA National Pollutant Dis- 
charge Elimination System ("DES) discharge per- 

mit (US84a) In 1976, the EPA also established stan- 

dards for radioiruclidcs in dnnkmg water (US76a) 

Thcsc drinking watcr standards havebeenadopted, in 

turn, by thc Stalc of Colorado ( C o n ,  C081) In 1973, 

Colorado first enacted the Colorado Water Quality 

Control Act (C073) Standards for implementation of 

this Act were first enacted in 1974 and currently in- 

clude provisions for protection of Colorado water- 

ways from both radioacbve and non-radioactive con- 

taminants (CO87) 

Ina memorandumof August 5,1985, the W E  adopted 

an intenm radiation protechon standard for DOE 

environmental activihes to be implemented in CY 

1985 (VAS51 This intenm standard incorporates 

guidance from the NCRP, as well as the EPA Clean Air 

Act air emsion  standards for radioachve emissions, 

as implemented in 40 CFR61, Subpart H (US83, US851 

Included in the intenm standard is a rewsion of the 

dose limits for members of the public Table A-1 

sumrnanzes the intenm radiation dose lirmts for 

members of the public. Tables of radiation dose mn- 

version factors to be used for calculating dosc from 

intakes of radioachve matenals were published by 

W E i n  july,1988 (UWa,US88b) Thedoscfactorsare 

based onICRPPublicahons30and48methodology for 

radiahon dosimetry Effluent air and water Dcnved 

Concentration Guides are secondary guides denved 

from the pnmary dose standards and were calculated 

using dose conversion factors and assumed air and 

water intake rates Thecalculated Dcnved Conccntra- 

tion Guides (DCGs) are bawd on the intenm standard 

dose limit for all pathways of 0 1 rem/year for a 50- 

year committed effective dose equivalent The dose 
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conversion factors providcd in the DOE publicahons 

wcrc uscd and intake rates of 8400 cubic meters per 

ycar (2 66 X 10- m /s) for air and 730 liters per year (2 

I/d) for water as prescnbcd by the DOE Guidance 

wcrc assumed for the calculahons. (US8Sb) The 
DCGs arc p e n  in Table A-2 and are comparable in 

concept to the Radioachvity Concentration Gludes 

(RCCs) publishcd by DOE for its previous radiation 

protcction standard gvcn in DOE Order 54801A, 
Chapter XI (USSla) 

4 3  

Thc prcvious RCGs included pemussible concentra- 

tions of spccific radionuchdes and mixtures of radi- 

onuclidcs in air (RCCa) and water (RCGJ for indi- 

viduals in thcgcncral populahon ( U s l a )  Inaddihon 

to rcstncting spccific radionuclides, the guides re- 
strictcd thc conccntration of radionuchdes in a mx- 

turc such that thc sum of the rahos of each radionu- 

clidc conccn tration to the appropriate concentrahon 

guidc would not cxcced a value of one The guides 

further stated that a radionuclidemightbeconsidered 

a5 not prcscnt in  a mixture if (a) the ratro of the 

conccntration of that radionuclidein themixture to the 

conccntration p i d c  for that radionuclide did not ex- 

cccd onc tcnth and (b) the sum of such ratios for all 

radionuclidcsconsidcred asnot present in themixture 

did not cxcccd onc fourth 

During 1988, avcragc spccific radionuclide concentra- 

tionsinairand watcr for theRocky Flatsl'lant wereall 

lcss than onc tcnth of the appropnate Denved Concen- 

tration Guidcs for spccific radionuclides The sum of 

the ratios of those average conccntrations to thcir 

respechveDCGswasless thanone fourth for allairand 

water sampling locahons Applyng the samc meth- 

odology for reporhng mxtures under the DCG con- 

cept as was used wth RCGs, the measured concentra- 

tions in the tables have been compared to the concen- 

trahon guides for speafic radionuclides rather than to 

the guide for mxtures The frachons of ingested 

radionuclides that are absorbcd in the gastro-intesh- 

nal tract and the lung clearance classes for inhaled 

radionuclides were chosen to yeld the most reshctive 

DCGs for comparisons in this report Throughout this 

report, wherea radionuclideconcentrabonisexpressed 
as the cumulahve measurement of more than one 

isotope, the stated DCG used for companson rcpre- 

sents the most restnctive DCG for that grouping of 

isotopes Plutoniumconcenhahons measured a t Rocky 

Flatsrcpresent thealpha radioachwty from plutonium 

isotopes -239 and -240, which conshtute over 97 per- 

cent of thealpha radioactivltymplutonium handled at 

the plant 

Reported uranium concentrahons are the cumulative 

alpha actiwty from uranium-233, -234, and -238 

Components containing fully ennched uranium are 

handled at the Rocky Flats Plant Depleted uranium 

metal is fabncated and also is handled as a process 

waste matenal Uranium-235 is the major isotope by 

weight (93 percent) in fully ennched uranium, how- 

ever, uranium-234 accounts for approximately 97 

percent of the alpha activity of fully ennched uranium 

In depleted uranium, the combined alpha activlty 



Appendix A 
Applicable Guides and Standards 69 

from uranium-234 and -238accountsforapproxlmately 

99 pcrccnt of thc total alpha actiwty The uranium 

DCGs uscd in this rcport for air and water are those for 

uranium-233, -234, and uramum-238, whch are the 

most rcstnchve 

Environmental uranium concentrations can be meas- 

urcd by a vancty of laboratory techniques Nonradi- 

ological tcchniqucs ycld concentrahon units of mass 

pcr unit volumc such as mg/m3 and mg/l The ura- 

nium conccntrations gvcn in this report weredenved 

by mcasuring radioactivity from alphacmtttng ura- 

nium isotopcs and are expressed in terms of actiwty 

units pcr unit volume Rocky Flats data include meas- 

urcmcnts of dcpletcd uranium, fully ennched ura- 

nium, and natural uranium 

Convcrsion factors for specific typesof uraniumcanbe 

uscd to compare the data in this report to data from 

othcr facilitics and agencies that are p e n  in units of 

mass per uni t volume, however, theresulhng approxi- 

mations will not havc the same assurance of accuracy 

as that for thc onpnal measured values Uranium in 

cfflucnt air from plant buildings is pnmanly depleted 

uranium Thc convcrsion factor for these data is 2 6 X 
1 O6 g/Ci Natural uranium is the predomnant s p e s  

found in watcr The conversion factor for water datais 

1 5 X lo6 g/Ci As an example, converhng the 1988 

mcan conccntration of uranium in water for Boulder 

Rcxrvoir (0 004 x IO pci/ml) to concentration units 

of &/mi would be done as follows 

The applicable EPA standard for beryllium (a nonra- 

dioachve matenal) in airborne effluents from plant 

buildings is 10 grams per stationary source in a 24- 

hour time period ( US781 The calculated DCG in 

ambient air for plutonium-239and -240 for membcrsof 

the public is 20 X lo-” pCi/ml(7 4 X 1@ E!q/m3) 

The calculated amencium-241 DCG in watcrbomc 

effluents for members of the public is 30 X lo” pCi/ml 

(1 1 Bq/l) The comparable DCG for plutonium-239, - 
240 in water is 30 X lV9 pCi/ml(l 1 Bq/l) The most 

restnchve calculated DCG for uranium-233, -234, and 

-238 in water is 500 X lo-’ pCi/ml(19 Bq/l), which is 

the DCG for uranium -233 In waterborne effluents 

available to mmbcrsof thcpublic, thecalculated DCG 
for tntwm is Z,~~O,OOO x io-’ pCi/ml (74,000 B ~ / U  

In 1976, the EPA promulga tcd regulations for radionu- 

clides in dnnking water (US76a) These replations 

were effechve on June 24,1977, along with primary 

dnnking water regulahons for mcrobiologcal, chemi- 

cal, and physical contaminants The intent of the Safe 

Dnnlung Water Act was to ensure that each state has 

pnmary responsibility for maintainingdnnking water 

quality To comply wth theserequirements, theColo- 

rado State Board of Health modified existing Statc 

drinking water standards to include radionuclides 

(CO77, C081) Two of the community drinking water 
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standards arc of interest in this report The State 

standard for gross-alpha actiwty (including radium- 

226 but cxcluding radon and uranium) in community 

watcr systcms IS a maximum of 15 pCi/1 or 15 X 10'' 

pCi/ml(5 6 x lo-' &/I) Amenaum and plutonium, 

which arc alphacmithng radionuclides, are included 

in this limit Thc limit for tntium in dnnlung water is 

m,(m pcl/i or 20,000 10-~1.~c~/ml(740 q/i) 

The Rocky Flats Plant NPDES penrut, which the EPA 
I rcisucd in 1984 to W E ,  established sanitary effluent 

limitahons on discharges from Pond B-3 (treated 

scwagc cfflucnt), limitahons for nitrate and pH m the 

discharge from Pond A-3 in the Walnut Creek drain- 

ngc,limitationson discharge from thereverseosmosis 

pilot plant, on Woman Crcek drainage, limitations on 

discharge from thc rcvcrse osmosis plant, and control 

of scdimcnt rclcasc during discharge from Ponds A-4, 

B-5, and C-2 

I 

In addition to cvaluating compliance with all appli- 

cable pidcs,  limits, and standards, the Rocky Flats 

Plant Health , Safcty and Environment Department 

assists opcrational groups in adhenng to the W E  
policy that " opcrations shall be conducted in a 

inanncr to assurc that radiation exposure to individu- 

als and population groups is limted to the lowest 

lcvcls tcchnically and cconomcally practicable " 

(US81 a) 
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TABLE A-1 Radiatlon Protection Standards for the Public 
For Department of Energy FacilRies (VA85) 

EFFECTIVE 
DOSE EQUIVALENT 

(mremQear) 

FROM ALL PATHWAYS 

500 

1 ao 

OCCASIONAL EXPOSURES 

PROLONGED EXPOSURES (> 5 years) 

INDIVIDUAL ORGAN 

AIR PATHWAY ONLY 

WHOLE BODY 

ANY ORGAN 

DOSE EQUIVALENT 
(mrembear) 

5,000 

DOSE EQUIVALENT 
(mremlyear) 

25 

75 

71 

. 

163 
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Table A-2 Applicable Guides for Radioactive and Nonradioactive Materials 

Parameter 

&borne Effluents 
Plutonium-239,-240 
Uranium-233,-234,-238 
Tritium (H-3) 
Beryllium 

Ambient Ai[ 

Plutonium-239,-240 

Applicable 
Guldes and Standards Reference 

NA NA 
NA NA 
NA NA 

40 CFR 61 32(a) 4 0  0 gJday 

20 o x 1 0 - l ~  pci/mi Calculateda 

Waterborne Effluents 
Radioactiya 

Plutonium-239,-240 30 x lo-’ pCllml Calculateda 

Uranium-233.-234,-238 500 x 10‘’ pCl/ml Calculateda 

Americium-241 30 x lo-’ pCUml Calculateda 

Tritium (H-3) 2,000,000 x IO-’ pci/ml Calculateda 

Parameter 
Monthly 
Average 

Weekly 
Average 

Daily 
Maximum Reference 

Eff bent Water Samples 

PH 
Nitrates as N 
Total Phosphorus 
Biochemical Oxygen 

Demand, 5-Day 
Suspended Solids 
Total Chromium 
Residual Chlorine 
Oil and Grease 
Fecal Coliform - 

No 1100 ml 

(Nonradioactivel 

10 mg/l 
8 mg/l 
10 mgA 

30 mgA 
005 mgll 
NA 
NA 
200 

6 0-9 0 SU 
20 mgA 
NA 
NA 

45 mg/l 
NA 
NA 
NA 
400 

NPDES Permit 
NA NPDES Permit 
12 mgA NPDESPermit 
25 mgA NPDESPermit 

NA NPDES Permit 
0 1  mgA NPDESPermit 
0 5  mg/l NPDESPermit 
Visual NPDES Permit 
NA NPDES Permit 

a Denved Concentration Guides (DCGs) calculated on the basis of DOE February 
1986 memorandum using DOE dose limit of 0 1 redyr to members of the pubic from 
all pathways dose converslon factors given in DOUEH-0071, and intake rates of 2 66 

X lo2 mils for air and 2 X lo3 mVday for water (ST86) 
b These limitations are presented as indicators of the types of parameters and 

associated concentration limits required by the NPDES permit Details of these 
~equirements specific to each discharge locatm are given in the referenced 
document (US84a) The dmly and monthly limitations indicated cannot be correlated 
with the annual water quality data summarized in Table 11 . 
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A Quality Program Plan and a Quality Control Pro- 

gram Plan havc becn developed for the Enwronmental 

Managcmcnt (EM) and the Health, Safety, and Enw- 

ronmciital Analytical Laboratones (%&E Laborato- 

ncs) Scctions, rcspecbvcly Independent audits of 

thesc plans,couplcd with EMsinternalenvironmental 

audit and controls procedures, ensure that necessary 

quality assurancc and quality control elements exist 

for a comprchcnsivc cnvironmental monitonng pro- 

@am 

Thc Quality Program Plan developed by Environ- 

mental Managcmcnt prowdes controls for assurance 

that 

Current charters exist for all environmental pro- 

gram clcmcnts that cnsure all applicable require- 

mcn tsarc sa tisficd inacomprehensive,integrated 
approach 

Current operating procedures exist for all phases 

of EM opcrahons and that these procedures are 

implcmcntcd as written 

Appropnatc approvals are obtained pnor to sig- 

nificant program mitiabons or changes 

Thc cquipmcnt used in sample collection and 
data analysis 1s appropnate to the assigned func- 

tion and is opcrating as required 

Accurate documentahon exists for all programs, 

procedures, acbons, and audits 

All vanances from procedures or equipmcnt use 

and performance are documented and cxplaincd 

wth an assessment 

Appropnate guidelines and standards for cnw- 
ronmental monitonng are identified, and docu- 

mentation of complianceisprowded on a roubne 

basis to Rocky Flats Plant management, Depart- 
ment of Energy (DOE), and state and federal 

regula tory agencies 

The EM Quality ProgramPlan establishes control points 

and delineates responsibilihes for spccific catcgones 

of activlhcs, provides an informahon base from which 

procedurescanbe developed, updated, and/orimplc 

mented, establishesa sta teof cmergency preparedncss 

in i ts contingency plans, and prowdes documen ta hon 

to comply wth  rules and regulations of federal, state, 

and local regulatory agencies 

The Plan includes quality assurance flow charts and 

quality matnces that illustrate achvity networks and 

corresponding quali ty elements of each responsibility 

area A complete iishng of activihes and responsibili- 

ties is also included in the Plan 

i 
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To cnsure data rcliability, the HS&E Laboratones 

Quality Control Program Plan outlines its quality 

control mcthodsuscd inall phasesoflaboratoryopera- 
tions 

This laboratory quality control program includes the 

followng clcmcnts 

Dcvclopmcn t, cvalua hon, improvement, modifi- 

cation, and documcntation of analyhcd proce- 

durcs 

* Schcdulcd instrument calibration, controI chart- 

ing, and prcvcntive maintenance 

Participation i n  intcrlaboratory qualitycompan- 

son programs 

. Intralaboratory quality control programs 

All samplcbatchcsschcduled foranalyasby theHS&E 

Laboratoncs Central Rccciving Laboratory contain an 

avcragc of 10 pcrcciit control samples The controls 

consist of analytical blanks prepared in-house and 

standards prcparcd by the Rocky Flats Plant Chems- 

try Standards Laboratory 

An analysis or group of analyscs may be relected and 

the samplc or samples schcduled for reanalysis for one 

or mom of thc following reasons 

1 Thc chcmical rccovery is less than 10 percent or 

greater than 100 pcrccnt 

The analytical blanks in the analysis batch arc ou t 

of acceptable range 

Thestandardsin theanalysisbatch arenot within 

acceptable Iirmts of error 

The alpha encrgy spectrum is not acccptable 

because of thc following 

a extra and/or unidentified peaks 

b excess noise in background areas 

c poor resolution of peaks 
4 

The chemist in charge of the laboratory belicvcs 

there is reason to suspect the analysis 

Any unusual condition affectmg the results, which is 

noted either dunng sample collechon or analysis, is 

reported to Enwonmental Management 

Table B-1 is a sumdry of HShE Laboratoncs partla- 

pahon in the Rocky Flats Plant Intcractivc Mcasurc- 

ment Evaluahon and Control System for 1988 

The H W  Laboratones partrapates in the EPA Enw- 
ronmental Moni toring Systems Laboratory (EMSL) 

and the DOE Enwronmental Measurements Labora- 

tory Crosscheck Programs Tables B-2 and B-3 sum- 

manze the HS&E Laboratones parhcipahon in these 

programs 
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Attnbute Matnx 

Pu 239 Water 
-240 

Am 241 Water 

U 238 Water 
-234 
-235 

H 3  Water 

Pu 239, Effluent 
240 Filters 

Am 241 Effluent 
Filters 

U 238, Effluent 
-234, Filters 
-235 

Bec Effluent 
Filters 

TABLE B-1 Health. Safetv and Environmental Laboratories Interactive 

" --  . 
Measukrneni Evaluation and Control System 

(January through December 1988) 

Method 

Alpha Spectral 

Alpha Spectral 

Alpha Spectral 

bquid 
Scfnbllabon 

Alpha Spectral 

Alpha Spectral 

Alpha Spectral 

Annual 
Normal Relabve 

Standard Sample Error 
Range Range Percenta 

1 2-35 d/mtlb 0-3 

0 7-21 dlmll 0-3 

3-90 d/d 0-30 

5,000-60.000 d/mA 0-9,990 

4-120 d/m/fb 0-30 

3-90 d/m/f 04 

10-300 &m/f 030 

Atomic Absorpbon 0 3 -10 pgtfb 0-5 

Be Workplace Atomic Absorpbon 0 3-10 ps/f 020  
Filters 

Pu 239 Ambient Alpha Spectral 2-45 cvmrf 0-50 
-240 Filters 

-73 

-56 

-46 

-24 

+6 

-5 

-25 

-6 

-7 

-3 

Range of 
Relabve Total 

Enor Control 
Percent Analyses 

-100 to - 49 

- 99 to +19 

-100 to +20 

-84 to +114 

-97 to +635 

-100 to +20 

-100 to +14 

-100 to +136 

-94 to +197 

-48 to +243 

56 

55 

56 

52 

115 

109 

115 

120 

1,132 

52 

a 

b 
c 

The mean of h e  rauo of the 12 monm differences between observed and standard values to the standard values in percent. This term is inclusive of all 
random and syszemaw mor in the standards, analytd &emmy and measurement process for a oiven nudde, ma!rtx, and procedure 
&nvl I disinlegranons per minule per liter. d/rM I disintegranons per minute per filler, pglf - mikrograms per filter 
Analyzed by 881 General Laboratory 
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TABLE 8-2 Health, Safety and Environmental Laboratories Participation in the 
EPA Environmental Monitoring Systems Laboratory Crosscheck Program During 1988 

Isotope 
Reported 

Gross Alpha 
Gross Beta 
H-3 
CO- 60 
cs - 134 
CS - 137 
Cr-51 
RU - 106 
PU - 239 
U (nat ) 

Matrix 

Filter 
Filter 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 

- Method 

Number 
of 

Analyses 

Number of 
Acceptable 
Analyses‘ 

Annual 
Relat ive 

Error 
Percentb 

Range of 
Relatwe 

Error 
Percent 

Alpha Spectral 
Gas Proportional 
Beta Liquld Scintillation 
Gamma Spectral 
Gamma Spectral 
Gamma Spectral 
Gamma Spectral 
Gamma Specfral 
Alpha Spectral 
Alpha Spectral 

1 
1 
3 
4 
3 
4 
2 
3 
1 
3 

1 
1 
2 
4 
2 
4 
2 
2 
1 
3 

-13 3 
- 4 7  
15 8 
- 1 7  
-15 6 
7 3  
2 6  
-26 3 
- 2 0  
- 2 3  

NAC 
N A ~  

-16 OtO 79 0 
* 7 7 t 0 1 3 3  
-26 6 to 8 0 

0 7 t o 2 6 6  
1 4 t o 3 6  

NAC 
-30 9 to -10 0 

-11 2to 11 0 

a 

b 

’Acceptable analyses” are those analyses for which the observed value was within f 3 standard dewations of the standard 
value 
The mean of the ratio of thel2-month differences between observed and standard values to standard values in percent This 
term is inclusive of all random and systemabc error in the standards, analyt~A chemistry, and measurement process for a 
given nudide matnx and procedure 

c NA = Not applicable 
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TABLE 8-3 Heakh. Safety and Environmental Laboratories Participatlon 
in the DOE Environmental Monitoring Systems Laboratory 

Crosscheck Program During 1988 

Isotope 
Reported 

Mn - 54 

Co- 60 

CS-1 34 

CS - 137 

PU - 239 

U (nat ) 

Co-59 

Matrix 

Water 

Water 

Water 

Water 

soil 

Soil 

Water 

Mean of Ratlo 
Number of ReportedBtandard 

Method Analyses Value 
~ _ _ _  ~~ 

Gamma Spectral 1 113 

Gamma Spectral 1 1 05 

Gamma Spectral 1 1 07 

Gamma Spectral 1 114 

Alpha Spectral 1 161 

Alpha Spectral 1 0 85 

Gamma Spectral 1 116 

Range of 
Ratios 

a Not Applicable 

, 
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mental Management is notified of any major changes 

that could affect analyhcal results All procedures are 

reviewed annually for consistency with state-of-the-art 

techniques, or at any hme an analytical problem is 

Thc Health, Safety and Environmental Laboratones 

(HS&E Laboratoncs) routinely perform the following 

analyscs on cnvironrnental and effluent samples 

1 Total Air Filter Counhng 

(Pu spccific alpha) 

2 Gas Proportional Counting 

(Gross alpha & gross beta) 

3 Gamma Spectral Analysis 

4 Alpha Spectral Analysis 

(Pu-239, -238, Am-241, 

U-238, -233, -234) 

5 Beta Liquid %intillahon (Tritium) 

6 N,N-Diethyl-pphenylcnediamine 
(DPD) (Chlorine) 

7 Atomic Absorphon (Beryllium) 

8 Millipore Filtrahon Method 

(Fecal and Total Coliform) 

suspected Copies of all procedures are kept on filc in 

the office of the Manager of HSCE Laboratones 

The followng is a general outline of the analyhcal 

procedures followed by the labora tones 

Samples recaved for air filter screening are counted at 

approximately 24 and then 48 hours after collection 

Samples excecding the limits set by Environmental 

Management are recounted If the total long-lived 

alpha conccntrabon for a screened filter excccds the 

EM achon limits, the filter is directed for individual 

speafic isotope analysis and/or followup investiga- 

tion to determine the cause and any needed correchve 

action 

Proccdurcs for thcse analyses are described in the 

HS&E Labora torics Procedures and Prachces Manual 

(W182) Thcproccdurcs forbactenaand chlonneanaly- 

scs wcrc dcvclopcd following Environmental Protec- 

Lion Agcncy (EPA) guidelines Soil procedures were 

dcvclopcd following specificationsset forth in "Meas- 

urcmcnts of Radionuclides in the Environment, Sam- 

pling and Analysis of Plutonium in Soil," NRC Reg 

Guidc4 5 All iicw proceduresand changestoexlsting 

proccdurcs must be thoroughly tested, documented, 

and approved in writing by the Manager of HS&E 

Laboratoncs bcforc being implemented Environ- 

All water samples, except those scheduled for tnhum 

analysis, are poured into oneliter Mannelli containers 

and sealed beforedelivery to thegamma counting area 

Roubne water samples are counted for approximately 

twelve hours Samples requiring a lower detection 

limit are counted from 16 to 72 hours 

Soil samples scheduled for gamma spectral analysis 

are dned, sieved through a ten-mesh sieve, weighed, 

and the fine portion is ball-milled The finc portion is 

then placed ina 500-mi Mannelli container and counted 

€er at least 16 hours 
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A11 wmples schcdulcd for alpha spcctral analysis arc 

m,~lyzcd in a similar manncr rcgardlcss of matrix 

Prior to dissolution, a known quantity of nonindi- 

gcnous radroactivc traccr isadded tocachsample The 

traccr is uscd to dctcrmine the chemical recovery for 

thc analysis Traccrs used include Pu-236, Pu-242, U- 
232, U-236, Am-243, and Cm-244 The type and activ- 

ity lcvcl of the tracer used depends on the type and 

projcctcd activity lcvel of the sample to be analyzed 

All rcfractory or intractable actinides are dissolved by 

vigorous acid trcatmcnt usingoxidiwng and complex- 

ing acids 

Aftcr samplcs arc dissolvcd, the radioisotopes of con- 

cern arc scparatcd from cach other and from the 

matrix matcrial by various solvent extraction and ion 

cxchangc tcchniqucs The purified radioisotopes are 

clcctrodcposi tcd onto stainless steel discs These discs 

arc alpha countcd for 12 hours If a lower nunimum 

dctcction limit is rcquired, samples may be counted 

from 72 to 168 hours dcpcndingon the need Samples 

tha t cxhibi t a chcmical rccovery of less than 10 percent 

or grcatcr than 110 pcrccnt are automahcally sched- 

ulcd for rcanalysis 

I 

Tritium analysesareroutincly performed onspeafied 

cnvironmcntal wa tcr samplcs as well as stack effluent 

samples Frvc milliliters of the samples are combined 

with 15 millilitcrsof liquid mnhllationfluid Envrron- 

mcii tal samplcs gcncrally are counted for 120 nunutes 

and airbornc cfflucnt samplcs generally are counted 

for 10 niinu tcs 
, 

The General Laboratory rouhnely performs the fol- 

lowinganalyscs forcnvironmental monitonngof plant 

cftlucnt streams, proccss wastes, and soil rcsiducs 

D~ssolvcd mctallicclemcnts including tcsts for 19 

cations by Inductively Coupled Plasma Spcctras- 

copic (10)  techniques and 17clcmen ts by a tomrc 

absorphon techniques (including beryllium in 

airborne effluent sample filters) 

Oxygen demand tests, including total organic 

carbon, dissolved oxygen, chemcal oxygen 

demand, and biologcal oxygen demand (5 day 

incuba hon) 

Nutrient testsincluding freeammonia, ortho and 

total phosphate phosphorus, nitnte and nitrate 

anions 

Physical tests, including pH, conduchvi ty, color, 

total dissolved solids, suspended solids, turbid- 

ity, and specific gravity 

Soap residues (as alkyl sulfonate) 

Oil and grease residues, by extraction and infra- 

red or grammetric detection, and by visual obser- 

vatson 

S p f i c  chemical property or element, including 

total hardness (as calcium carbonate), alkalinity 

(as hydromde, bicarbonate, or carbonate), chlo- 

nde, fluonde, cyanide, sulfate, and hexavalent 

chromium 

Radioactive speclcs, including gross alpha and 

beta by gas proportional detection, tritium by 
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liquid scintillation detection, total radiostronhum 

by gravimctnc scparahon followed by gas pro- 

portional dctcction Isotopes of plutonium, 

amcncium, and uranium are detemned by ion 

cxchangc and liquid extraction techniques fol- 

lowed by alpha pulse height analysis 
~ 

9 Polychlonnatcd biphenyl and volatile and sem- 

volatilccompounds from theEPAContract Labo- 

ratory Program (EPA-CLP) Target Compound 

List arc analyzed by gas chromatography/mass 

spectrography Phenols also are analyzed using 

spcc tropho tomc try 

Proccdurcs for thcsc analyses were developed by the 

Ccncral Laboratory analytical technical staff Proce- 
durcs wcrc adopted from EPA-approved sources or 

from othcr rccognized au thon tahve publicahons where 

EPA-approved procedures were not available Labo- 
ratory opcrations procedures are documented in a 
standard format, approved by the manager of the 

Rocky Flats Analyhcal Laboratones, and distnbuted 

to a controllcd distnbuhon list to assure that proper 

testing and approval is performed before changes are 
adopted The General Laboratory Quality Assurance 

Plan rcquircs annual rcview of procedures for consis- 

tency with state-of-thc-art techniques and compliance 

of laboratory practice wth wntten procedures In 

addition, a rcvicw is performed whenever an analyh- 

cal problem is indicated 

I 

Thc following is a general outline of the analyhcal 

proccdurcs followed by the General Laboratory I 

All watcr samples which are analyzed for radioachve 

materials - except those scheduled for tn tium analysis 

- arc aadified immediately upon collcchon 

Liquid samples received for gross alpha and beta 

screening are evaporated directly onto planchcts for 

gas proporhonal countmg When activitics exceeding 

the action guidelines set by Environmental Manage- 

ment (EM) are observed, nohficahon to EM is made, 

and reanalps and/or investigahon may be required 

For some liquids such as machine oils, a spcclhed 

volume IS evaporated, ashed, and the salt residue is 

taken up in Ntncaad for deposihononto the counting 

planchet. A correction factor is detemned for each 

sample to account for self-absorption effects 

Watcr samples to be tested for chemical and physical 

parameters are analyzcd within 24 hours of collcction, 

or they are preserved by refrigeration, freezing, or 

addihon of a chemical preservative whcn required 

The tests performed include gravimetric, h trametnc, 

colonmetnc, chromatographic, or electroanalytical 

methods, following procedures specified in the 16th 

edihon of Sfandurd Methodsfor the Examinahon of Water 
and Waste Water,Methodsfor Chemical Analysrs of Water 
and Wastes, or other authoritative publicahons 

Water samples to be analyzed for dissolvcd mctallic 

ions are filtered through a 0 45 micrometer filter, pre- 

served w t h  nitnc acid and digested before being ana- 

lyzed by atomic absorption or ICP methods 

i 
8 1  

- I  

Organic toxic s p e s  are determined by chromatogra- 

phy, using electron capture dctcction Some organics, 

such as phenol, are deterrmned by developing a chro- 
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maphonc complcx and measunng light absorphon at 

a spcclfic wavelength wth a spectrophotometer 

Mcasunng occurs aftcr extrachon into an appropnate 

solvcnt phase 

Tntium is measured using Iiquid mnhllahon count- 

ing Counting efficiency is determtned usmg a sepa- 

rately - prepared sample to whch is added a known 

standard tntium activity 

Stronhum is radiochenucally separated from the sample 

matnx using precipitahon techniques Stronbum is 
deposited on planchets witha camerelement and the 

activity in the sample is quanhfied uslng beta gas 

proportional counting 

43 
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APPENDIX I) 

The Rocky Flats Health, Safety and Envlronmental 

Laboratoncs (HS&E Laboratones) have adopted the 

following definition for detechon limit, as gven by 

Harley (HA72) 

where S, = standard devlation of the populahon 

of appropnate blank values 

(disintcgrahons per rmnute, d/m) 

Ts = sample count hme (minutes, m) 

% = absolute detection efficiency of the 
"The smallest amount of sample activity usinga p e n  

measurement proccss (I e chemical procedure and 

dctcctor) that wdl yeld a net count for which there is 

confidcncc at a prc- determined level that activity is 

prcscnt " 

sample detector 

Y = chemical recovery for the sample 

The minimum detectable amount (MDA) is the term 

used to dcscnbc the detcchon limit and is dehned as 

the smallcst amount of an analyzed matenal in a 

sample that will bc detected with a p probability of 

non-dctcction (Type I1 error), while accepting an a 

probnbility ofcrroncously detechng that matenal inan 

appropria tc blank sample (Type I error) At the 95% 

confidcncc level, both a and p are equal to 0 05 

I 

Based on the approach presented in draft ANSI stan- 

dard N13 30 "Performance Criteria for 

Radiobioassay,"(HE85) the formulahon of the MDA 

for radioactive analyses is 

MDA = 4 65 S, + 3/(TsEsY) 

aV 

a = conversion factor (disintegrations 

per rmnute per unit achvity) 

(a = 2 22 d/m/pCi when MDA is 

in units of p C i  and a = 2 22 X lo6 

d/m/pCi when MDA is in 

units of pCi ) 

V = sample volume or weight (V=l 

if the MDA per sample is desircd 1 

The major component of thc MDA equation is thc 

vanability of the blanks 

Table D-1 shows the various formulae used for alpha 

data reduchon during 1988 
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T'iblc D-2 shows the typical MDA values for the van- 

ous analyscs pcrformcd by the HS&E Laboratones 

and by thc Gcncral Laboratones These values are 

by Hach Co , "DPD Method for Chlorinc "(HA831 For 

fecal coliform count, the mirumum detectable amount 

iscalculatedas4 65 hmes thestandarddewationof the 

I bascd on thc average sample volume, typical detector blank value from the mllipore filter 

cfficrncy,dctcctorbackground,count hme,andchem- 

cal recovcry MDA values calculated for indivldual 

analyscs may vary significantly depending on actual 

samplcvolumc,chemicalrecovery,and analybcal blank 

uscd 

For nonradioactive parameters, vanous means are 

uscd to cstimate a minimum detectable amount de- 

pending on thc paramctcr measured The mxumum 

dclcctablc amount for beryllium in effluent air - ana- 

lyzed using flamclcss atomic absorption spectroscopy 

- I S  bawd on a sample blank absorbance reading Total 

chromium in effluent water samplesundergoesa four- 

fold concentration of the received sample pnor to its 

analysis using flamc atomc absorphon spectroscopy 

Its approximate minimum detectable amount is based 

on a net sample absorbance reading of 0 010 

Thc paramctcrs of nitrate as N, total phosphorous, 

suspcndcd solids, oil and grease, and total organic 

carbon all have minimum detectable amounts that are 

dctcrmincd by procedural methodsfoundmEPA400, 

Methods for Chemical Amlysls of Water and Wastewater 

(US87c) The parameters of pH and biochemcal oxy- 

gcn dcmand have minimum detectable amounts that 

arc dctcrmincd by thc mnimal readout capability of 

the instrumcntahon that is used 

I 

Thc minimum dctcctable amount for residual chlonne 

is dctcrmined by thc procedure found in a publicahon 
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Tablc D-1 Formulae for Activlty and Uncertainty Calculations for the Alpha Spectral Analysis Systcms 

Non-Blank Corrected SamP le Acbwtv 
‘Bi 1 

I - - - I  

Blank Corraed Sa mble Achvitv 

Bsl = - An 

Non-Blank Corrccted Sample Uncertainw Blank Correctcd Sample Unccrtaintv 
‘B1 1 /2 

a 
SI = 

‘Corrcctcd from 1984 report 

LEGEND 
*n 

a ri 

“si 

a 
si 

Bsi 

si b 

D~~ 

‘si = Sample gross counts for isotope i 

‘SI = Sample gross counts for internal standard isotope J 

‘Bi = Dctector background gross counts for isotope i 
C 

Ts = Sample count time expressed in minutes 

TB = Detector background count time exprcsscd in minutes 
, v  = Sample unit volume or sample unit weight 

= Non-blank corrected achwty of laboratory reagent blank for isotope i expressed as picocunes (pCi) 
per unit volume 

Non-blank correctcd uncertainty of laboratory reagcnt blank expressed as pCi pcr unlt volumc 

Sample activity for lsotope 1 expressed as pci per unit volume 

Sample actiwty uncertainty expressed as pCi per unit volume 

Blank corrected sample actiwty for isotope i expressed as pCi per unit volume 

Blank corrected sample uncertainty expressed as pCi per unit volume 

Activity (dpm) of internal standard isotope j added to sample 

= 

= 

= 

= 

= 

= 

Bj = Dctector backpund gross counts for internal standard isotope J 

I 
“ d  

1 
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TABLE D-2 

Parameter 

Detection Limtts for Radioactive and Nonradloactive Materials 

Minimum 
Detectable 
Amount 

(per sample) 

Approximate 
Sample Volume 

Analyzeda 

Minimum Detectable 
Amount 

(per untt volume dr mass) 

Airborne Fff luent Sam& 

Plutonium -239, -240 

Uranium -233, -234, -238 

Americium -241 

Tritium (H-3) 

Beryllium 

Ambient Air Samolea 
Plutonium -239, -240 

Effluent Water Samples 
IRadioactive) 
Plutonium -239. -240 

Uranium -233, -234, -238 

Americium -241 

Tritium (H-3) 

Soil Samples 
madioactive) 
Plutonium -239, -240 

Effluent Water Samples 
INonradioact ive) 
PH 
Nitrate as N 
Total Phosphorus 
Biochemical Oxygen Demand, 

Suspended Solids 
Total Chromium 
Residual Chlorine 
Oil and Grease 
Fecal Coliform Count 
Total Organic Carbon 

5-Day 

3 8 X1 0-7 pCi 

1 8 x 1 0-7 pCi 

4 8 X lo6 pCi 

25x10-1  pg 

5 7 x lrcl 

1 2 x ~ C I  

9 2 x 10-8pcI 

2 9 x 10-7pcl 

1 5 x 1 o - ~  pcl 
2 5  X 108pCi 

84X10g pCi 

7,340 m3 

7,340 m3 

7,340m3 

1 4m3 

7,340 m3 

29,000 m3 

5,000 mi 

1,000 ml 

5,000 ml 

5 ml 

10 g 

100 ml 
4 ml 
50 ml 

300 mi 
100 ml 
100 ml 
10 ml 
1.000 mi 
10-1 00 ml 
5 ml 

0 05 x 1 0-15 pCVml 

0 08 X 1 O-I5 pCJml 

o 02 x 1 0 ” ~ p ~ ~ m i  

3,400 X l 0-” pCVml 

3 x pg/m3 
- 

o 004 x 1 O-l pcvrni 

o 02 x I O - ~ ~ C V ~ I ~  

0 29 X 1 0-’ pCVml 

0 03 X 1 0-’ pCVmlc 

500 X lo-’ pCVml 

8 4 X lo-’ pCi/g 

0-14 SU 
o 02 mgn 
0 2 mgA 

5 0 mgA 
1 0  mgA 
0 05 mgA 
0 1 mgA 
0 5 mgA 
43 organismsll00 mi 
1 0 mgA 

a 
b Monthly composite 
c 

Volume analyzed IS usually an aliquoted fraction of the total sample volume collected 

Composite of two bi-weekly samples 

h r  
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APPENDIX E 
REPORTING OF MINIMUM 
DETECTABLE CONCENTRATION 
AND ERROR TERMS 

I 

Throughout the section enhtled "Momtonng Data 

Collcction, Analyscs, and Evaluation" in this report, 

somc of the conccntrahons that are measured at or 

bclow thc minimum detectable concentration (MDC) 

arc assigncd the MDC value The less-than symbol (4 
indicatcs MIX values and calculated values that in- 

cludc otic or more MDCs 

I 

'I hc plutonium, uranium, amencium, and beryllium 

mcasurcd conccntrations arcreported These reported 

conccntrations include values that are less than the 

corresponding calculated MDCs and in some cases, 

valucs lcss than zcro Negative valuesresult when the 

mcasurcd value for a laboratory reagent blank is sub- 

tracted from an aMlyhCa1 result that was mcasurcd as 

a smaller value than the reagent blank Thcse rcsul hng 

negative valuesarc included in any arithmctic calcula- 

tions on the data set 

Error terms in the form of a &bare included wth some 

of thedata Forasinglesample,"a" isthereagcnt-blank 

corrected value, for mulbple samples it reprcscnts the 

average value (arithmetic mean) The error term "b" 
accounts for the propagated stahshcal counting uncer- 

tainty for the sample and the assoaated reagcnt blanks 

at the 95 percent confidence level These error tcms 

represent a minimum estimate of error for thc data 
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activity Scc radioactivity 

alpha particle A posihvely charged particle emtted from the nucleus of an atom having the same charge 
and mass as that of a helium nucleus (2 protons, 2 neutrons) 

atom Smallcst particle of an element capable of entcnng into a chcmical reachon 

beta particle A negatively charged parhcle emitted from the nucleus of an atom havlng a mass and charge 
cqual to that of an elcctron 

contamination Thc deposition of unwanted radioactive matenal on the surfaces of stntcturcs, arcas, obpts, 
or pcrsonncl 

concentration The amount of a specified substance or amount of radioactiwty in a gven volume or mass 

cosmic radiation Radiabon of many types with very high energes, onginabng outside the earth's atmos- 
phcrc Cosmic radiation is one source contnbuhng to natural background radiahon 

curie (Ci) Thc traditional unit for measurement of radioactivity based on the rate of radioactive disintegra- 
tion Onc cune is dcfincd as 3 7 X 10" (37 billion) disintegrahons per second Several frachons and multiplcs 
of thc cunc arc In common usage 

I 

millicurie (mCi) Ci, one-thousandth of a curic, 3 7 X lo' disintegrations pcr sccond 

I microcurie (pCi) -10' Ci, one-millionth of a cune, 3 7 X lo4 disintegrahons per second 

I nanocurie (nCi) -lo-' Ci, pne-billionth of a cune, 37 disintegrations per sccond 

picocurie (pCi) -lo-'*, one-tnlhonth of a cune, 0 037 disintegrahons per second 

I 
ferntocurie (fCi) -lo-'' Ci, one-quadnllionth of a cune, 0 oooO37 disintegrahons per second - 

attocurie (aCd Ci, one-quinblhonth of a cune, 0 000000037 disintegrahons per second 

I decay, radioactive Thc spontaneous transformation of one radionuclide into a different radioachve or 
nonradioactivc nuclide, or into a different energy state of the same radionuclide 

Derived Concentration Guide (DCG) Secondary radioactrwty in air and water concentration guides uscd 

individual inhales 8,400 cubic meters of air per year or ingests 730 liters of water per year at the spccified 
radioactimty DCG with a resulting radiation dose of 0 1 rem effective dose equivalent 

disintegration, nuclear A spontaneous nuclear transformahon (radioactivity) charactenzed by the emission 
of encrgy and/or mass from the nucleus of an atom 

I for comparison to measured radioacttvity concentrations Calculahon of DCGs assumes that the exposcd 

I 

I 

dose, absorbed The amount of energy deposited by radiahon in a given mass of matenal The unit of 
absorbcd d o x  is thc rad or the Gray (1 Gray = 100 rad 

<'. ns* 

lo& 

I 
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I dose commitment The total radiahon dose projected to be received from an exposure to radiation or intake 
of radioactive matcnal throughout the s p h e d  remaimng lifetime of an indimdual In theorehcal calcula- 
tions, this speclhcd lifetime is usually assumed to be 50 years 

dose equivalent A modificabon to absorbed dose which expresses the biologcal effects of all types of 
radiation (c g , alpha, beta, gamma) on a common scale The urut of dose equivalcnt is the rem or the slevert 
(1 sicvcrt = 100 rcm ) 

I 
exposure A measure of the ionizahon produced in itlr by x- or gamma radiation The speaal unit of expo- 
sure is the Roentgen (R) 

gamma ray High-energy, short-wavelength electromagnehc radiation emitted from the nucleus of an atom 
Gamma radiation frequently accomparues the emssion of alpha or beta particles Gamma rays are identical 
to x-rays cxccpt for the source of the emmion 

half-life, radioactive The time required for a gven amount of a radionuclide to lose half of its achmty by 
radioactivc dccay Each radionuclide has a unique half-life 

isotopes Forms of an element hawng the same number of protons in their nuclei and diffenng in the number 
of ncutrons 

I minimum detectable concentration (MDC) The smallest amount or concentration of a radio-element that 
can bc dishnguished in a sample by a gven measurement system in a preselected counhng hme at a gven 
confidcncc lcvcl 

natural radiation Radiation ansing from cosmc sources and from naturally occurnng radionuclides (such as 
radon) prcsent in the human envlronment 

outfall The place when a storm sewer or effluent h e  discharges to the environment. 

part per billion (ppb) Concentrabon umt approximately equivalent to Jlgb 

part per million (ppm) Concentrahon umt approxlmately equivalent to mg/l 

. 
I 

person-rem The tradiahonal unit of collechve dose to a populahon group For example, a dose of one rem to 
10 individuals results in a collective dose of 10 person-rem 

quality factor The factor by which the absorbed dose (in rad or gray) is mulhplied to obtain the dose equiva- 
lent (in rcm or sicvert) The dose equivalent is a umt that expresses, on a common scale for all ionuing 
radiation, thc biologcal damage to exposed persons It is used because some types of radiation, such as alpha 
particles, are more biologcally damagng than others. 

rad A tradihonal unit of absorbed dose The Intemahonal System of Units (S I 1 unit of absorbed dose is the 
gray (One gray = 100 rads 

radioactivity The spontaneous emssion of radiation, generally alpha or beta particles, often accompanied by 
gamma rays, from the unstable nucleus of an atom 

radionuclide An atom havlng an unstable ratio of neutrons to protons so that it wll  tend toward stability by 
I undcrgoing radioactive decay A radioacbve nuclide 
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rem Thc traditional unit of dose equivalent Dose equivalent is frcqucntly reported in units of mllircm 

thc sicvcrt (onc sicvcrt = 100 rem ) 
I (mrcm) which is onc-thousandth of a rem The International Systcm of Units (S I unit of dose cquivalcnt is 

roentgen (R) The traditional unit of exposure to X- or gamma radiation bascd on the ionization in air causcd 
by thc radiation One roentgen is equal to 258 X 10'' coulombs pcr kilogram of air A common cxprcssion of 
radiation cxposure is the rmlhroentgen (1R = loo0 mR ) 

I 

sievert (Sv) Internahonal System of Uruts (S I ) Unit for radiahon dose, 1 Sv = 100 rem 

thermoluminescent dosimeter (TLD) A d m c e  used to mcasure external sources (I c , outside the body) of 
pcnctrating radiation such as X-rays or gamma rays 

I tritium (H-3). The hydrogen isotope hawng one proton and two ncutrons in the nucleus It is radioachve 
and cmits a low cncrgy beta particle (0 0186 MeV max) 

uncontrolled area Any area to which access is not controllcd for the purpose of protcchng individuals from 
cxposurc to radiation and radioactive materials. The arca beyond the boundary of the Rocky Flats Plant is an 
uncontrolled arca 

worldwide fallout Radioachve debns from atmospheric weapons tests that is either airbomc and cycling 
around thc earth or has been deposited on the earth's surface 

l t l x  



TRADITIONAL AND INTERNATIONAL SYSTEM 
OF RADIOLOGICAL UNITS 

Expression in Terms 
Quantity Name Symbol of Other Units 

I 
I 

(Trahbonal uruts are in parentheses) 

absorbed dose 

achvlty 

dose equvalent 

expos- 

P Y  
(rad) 

sievert 
(rem) 

coulomb per 
lalogram 

(roentgen) 

GY 
rad 

Bq 
0 

sv 
rem 

R 

Fg-' 
lo-* Cy 

1 dps 
3 7 X 10" Bq 

Fg" 
10-2 sv  

ckg-' 
2.58 x lo4 a g - 1  


